t. 



(19) 



(12) 



Europaisches Patents mt 
European Patent Office 
Office uropeen des brevets 

EUROPEAN PATENT APPLICATION 



illllllllllllll 

(1D EP 1 096 456 A2 



(43) Date of publication: 

02.05.2001 Bulletin 2001/18 

(21) Application number 00123067.1 

(22) Date of tiling: 24.10.2000 



(51) int a. 7 : G08C 23/04 



(84) Designated Contracting States: 


• Imai, Kiyoshi, 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


Omron Corporation 


MCNLPTSE 


ShiokouJRJorl, Shimogyo-ku, Kyoto-shi (JP) 


Designated Extension States: 


♦ Sato, Toshlnori, 


ALLTLVMKROSI 


Omron Corporation 




Shiokoujl-dorl, Shimogyo-ku, Kyoto-shi (JP) 


(30) Priority. 29.10.1999 JP 34663699 


• Kamel, TakashI, 


30.11.1999 JP 34136199 


Omron Corporation 


14.09.2000 JP 2000280358 


ShlokouJWori, Shimogyo-ku, Kyoto-shi (JP) 


(71) Applicant Omron Corporation 


(74) Representative: 


ICyoto-shI, Kyoto (JP) 


Klilan, Helmut, Or. 




Wilhelms, Klllan & Partner 


(72) Inventors: 


Patentanwatte 


• Osako, Kazunorl, 


Eduard-Schmld-Strasse 2 


Omron Corporation 


81541 Munchen (DE) 


ShlokouJWort, Shimogyo-ku, Kyoto-shi (JP) 



(54) Sensor system 

(57) Provided is a sensor system which allows set- 
ting and adjustment to be conducted in a simple man- 
ner. The sensor system comprises a plurality of sensor 
units (SU) which are adapted to be placed closely one 
next to another and each assigned with an individual 
address, and a mobile console (MC) which is adapted to 
be connected to at least one of the sensor units, each of 
the sensor units comprising a connector (8, 9) provided 
on each side for allowing communication with a corre- 
sponding one of the adjacent sensor units, and a data 
relaying arrangement (100) for relaying data received 
from one of the adjacent sensor units via one of the con- 
nectors to the other adjacent sensor unit via the other 
connectors when the data is not intended for the partic- 
ular sensor unit so as to permit a data communication 
from the mobile console to the sensor units or from the 
sensor units to the mobile console. 
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Description 
TECHNICAL, FIELD 

[0001] The present Invention relates to a sensor 5 
system Including a large number of sensor units (such 
as optical fiber photoelectric sensor units, proximate 
sensors or ultrasonic sensors) mounted closely one 
next to another typically on a DIN rail, and in particular 
t a sensor system which simplifies the setting opera- io 
tion and monitoring of settings of such sensor units by 
enabling a bi-directional data communication between 
the adjacent sensor units in the manner of a bucket bri- 
gade. 

15 

BACKGROUND OF THE INVENTION 

[0002] Sensor systems including a large number of 
optical fiber photoelectric sensor units mounted closely 
one next to another on a DIN rail are conventionally 20 
known. The outer face of each of such sensor units is 
provided with a digital display unit consisting of seven- 
segment display devices and a keypad which may com- 
prise function keys and Increment keys. Such a display 
unit and keypad are used for adjusting the fight receiv- 25 
ing sensitivity and threshold level when installing the 
sensor. 

[0003] The photoelectric sensor units of this type 
are given with a higher and higher functionality so that 
the setting items are Increased in number and are each so 
increased in complexity. The Increasing demand for 
space-saving and compact design has resulted in 
extremely small housings for such photoelectric sensor 
units, and the keypad and display unit particularly suffer 
from the impact of the compact design. as 
[0004] Therefore, the display unit is required to be 
very small, and the number of the setting keys are lim- 
ited in both size and number. This has increased the dif- 
ficulty in the setting and adjusting operation. In 
particular, as the number of sensor units increases to 40 
1 6, 32 and so forth, the setting and adjusting of each 
key becomes progressively difficult and tine-consum- 
ing. 

B R IEF SU MMARY OF THE I NVENTION 4s 

[0005] In view of such problems of the prior art, a 
primary object of the present Invention Is to provide a 
s nsor system which simplifies the setting and adjust- 
ment operation for the sensor units. t so 
[0006] Another object of the present invention is to 
provide a sensor system which simplifies the setting 
and adjustment operation for the sensor units without 
requiring any substantial changes to the existing struc- 
ture of the overall system or the shape of the individual ss 
sensor units. 

[0007] Yet another object of the present invention is 
to provide a sensor unit which simplifies the setting and 



adjustment op ration forth sensor unit 
[0008] Yet anoth r object of the present invention is 
to provide a mobile console which simplifies the setting 
and adjustment operati n for the sensor units. 
[0009] Yet another object of the present invention is 
to provide a bus unit which allows the setting and adjust- 
ment operation for the sensor units from a programma- 
ble controller, personal computer or the (Ike connected 
to a field bus. 

[001 0] Other objects and advantages of the present 
invention will become obvious for a person skill in the art 
from the following description. 

[0011] The sensor system of the present Invention 
comprises a plurality of sensor units which are adapted 
to be placed closer/ one next to another and each 
assigned with an individual address, and a mobile con- 
sole which is adapted to be connected to at least one of 
the sensor units. 

[0012] As can be readily appreciated by a person 
skilled In the art, the "sensor unit" may comprise any 
sensing means having a desired sensing capability. The 
sensing means may consist of optica) fiber photoelectric 
sensor units, proximate sensors and ultrasonic sensors. 
If the sensor unit consists of an optical fiber photoelec- 
tric sensor, the sensing means comprises Tight emitting 
means (inducing both hardware and software), and 
fight receiving means (including both hardware and soft- 
ware). The output signal from the sensing means may 
not necessarily consist of a binary output (switching out- 
put) but may also consist of an analog or digital value 
without being converted into a binary signal, in view of 
the tact that they are arranged closely one next to 
another, the sensor units would typically consist of sen- 
sors having separate sensor heads such as optical fiber 
photoelectric sensors. 

[0013] Being "adapted to be placed closely one 
next to another" includes mounting the sensor units 
closely one next to another on a DIN rail. However, it is 
also possible to use other mounting arrangements. 
[0014] Being "assigned with an individual address" 
may include making each sensor unit identify a particu- 
lar address from the relation with the adjacent sensor 
units according to a free allocation scheme as well as 
the assigning of a fixed address by using a DIP switch. 
[001 5] According to a preferred embodiment of the 
present invention, each of the sensor units forwards a 
handshake signal to the adjacent sensor units. From the 
response to the handshake signal, each sensor unit can 
determined if ft is at the right or left terminal end or at an 
intermeolate position, and the sensor unit at a terminal 
end is Identified as a master unit and the remaining 
units as slave units, and addresses are assigned to 
them accordingly. 

[0016] The "mobile console" means any portable 
console (console board). More specifically, the mobile 
console is at least provided with functions to enter data 
and read data, and to display the data. 
[0017] "At least on of" m arts that a connection 
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can be mad to on or more of th sensor units which 
are arranged In a s ries, and ft may not necessarily be 
located at a terminal nd, but may also be locat d in a 
middle of th series. The •connection" as used herein 
means any connection which allows communication, 
and may consist of wire connection using electric cables 
and wireless connection using radio wave, fight such as 
infrared light, and so on. 

[0018] Each of the sensor units may comprise a 
connector means on each side for allowing communica- 
tion with a correspondng one of the adjacent sensor 
units; and data relaying means for transmitting data 
received from one of the adjacent sensor units via the 
corresponding connector means to the other adjacent 
sensor unit via the other connector means. Thereby, the 
bi-directional transfer of data in the manner of a bucket 
brigade from the mobile console to the sensor units and 
from the sensor units to the mobile console is enabled. 
[0019] Comprising "a connector means on each 
side" means that each sensor is provided with two con- 
nector means corresponding to the adjacent sensor 
units on either side. It means that the sensor units are 
all connected in a series, and it Is distinct from the 
arrangement in which the I/O units of a programmable 
logic controller or the like are connected in a mutually 
parallel relationship with respect to a system bus. How- 
ever, the sensor unit which is designed to be attached to 
a terminal end of a sensor unit array may be provided 
with only one connector means because it is not 
required to communicate with both of the adjacent sen- 
sor units. The ■connector means" as used herein means 
any connector which is capable of signal transmission 
and reception, and may Include a contact-type electric 
connector which establishes an electric connection by 
the contact of a plug and receptacle, and a contact-less 
connector which exchanges signals by using light (infra- 
red light). 

[0020] The "data relaying means" as used herein 
means both the means which relays data uncondition- 
ally and the means which relays data only if It meets a 
certain condition. A person skilled in the art would 
select either one of them according to the particular 
need. If the unconditional data relay means Is selected, 
the execution of the process would be simplified 
because of the elimination of the need to analyze the 
condition, but the downstream sensors would be bur- 
dened by the data relaying action which may not be nec- 
essary. On the other hand, the conditional data relay 
means Is selected, the downstream sensors would not 
be burdened by the data relaying action which may not 
be necessary if the data Is accompanied with a condi- 
tion that "if the data Is not Intended only for the particular 
sensor unit", but the execution of the process would 
cause a complication because of the need to analyze 
the condition. The "downstream" as used herein means 
the direction toward the position which is the last to 
receive data, and may be in either physical direction 
depending on the direction of data transfer. 



[0021] "If th received setting data is not intended 
nry for th particular sensor unit" Includes the case 
where the data Is Intended for another sensor unit as 
well as th cases wher th data is intended for both the 
5 particular sensor unit and anoth rsens r unit, or for all 
of the sensor units. 

[0022] When the data is relayed between adjacent 
senor units in the manner of "a bucket brigade" accord- 
ing to the present invention, If the arrived data is 
10 intended for all of the sensor units, the particular sensor 
unit has to execute the process of transferring the data 
to the adjacent sensor unit in addition to executing the 
process for the particular sensor itself. Associating each 
transmission data to all of the sensor units can be 
15 accomplished in a number of different ways. For 
Instance, the transmission data may be attached with a 
code corresponding to a wildcard. Alternatively, the 
transmission data attached with no code may be 
assumed as being intended for ail of the sensor units, or 
2D the transmission data may be attached with the 
addresses of all of the sensor units. 
[0023] According to a preferred embodiment of the 
present Invention, the sensor unit comprises monitoring 
data transmitting means for transmitting monitoring data 
25 intended for the mobile console to the adjacent sensor 
unit The mobile console also comprises monitoring 
data displaying means for displaying monitoring data 
received from one of the sensor units. 
[0024] The "monitoring data transmission means" 
ao as used herein may mean both the means for transmit- 
ting monitoring data spontaneously according to a tim- 
ing determined by a timing signal which is forwarded 
from a timer or forwarded sequentially from the adjacent 
sensor unit, and the means for transmitting monitoring 
35 data passively in response to a monitoring command 
forwarded from the mobile console or the like. 
[0025] Thereby, the state of each sensor unit (such 
as the set sensitivity level, detected value, and so forth) 
can be monitored from the mobile console according to 
40 the monitoring data relayed between the sensor units in 
the manner of a bucket brigade. 
[0026] According to another preferred embodiment 
of the present invention, the mobile console comprises 
setting data transmission means for transmitting setting 
45 data to a designated sensor unit via one of the sensor 
units. Each sensor unit comprises data setting means 
for conducting a data setting action according to setting 
data if the data received from the adjacent sensor unit is 
intended for the particular sensor unit and consists of 
so setting data transmitted from the mobile console. 

[0027] The "designated sensor unit" as used herein 
may mean a single sensor unit, two or more sensor 
units or all of the sensor units which is or are desig- 
nated. When designating a particular single sensor unit, 
55 the setting data of the particular sensor unit would typi- 
cally contain an address corresponding to the target 
sensor unit When a plurality of sensor units are to be 
designated, different setting data would be forwarded to 
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the designated sensors, and the data for each desig- 
nated sensor would contain an address corresponding 
to the target sensor unit All of the sensor units can be 
designated In the same mann r as designating a plural- 
ity of sensor units. It may include the case where a wild- 
card designating all of the sensor units is attached to a 
common setting data item. 

[0028] The data "intended for the particular sensor 
unit" includes not only the data only for the particular 
sensor unit, but also the data intended for the particular 
sensor unit and another sensor unit or all of the sensor 
units. 

[0029] The "data setting means" of the sensor unit 
may not necessarily execute a setting action on the con- 
dition of rearing a data setting command. In other 
words, ft may Include those which spontaneously exe- 
cute a setting action unconditionally according to the 
setting data if the data received from the adjacent sen- 
sor unit is intended for the particular sensor unit and 
consists of data transmitted from the mobile console. 
[0030] According to the above described structure, 
because the data setting action Is executed according to 
the setting data transmitted from the mobile console in 
the manner of a bucket brigade, the setting of the sensi- 
tivity and functions can be conducted from the mobile 
console, and it is a significant improvement from the 
conventional arrangement which required each sensor 
unit to be set by a key operation. 
[0031] According to yet another preferred embodi- 
ment of the present invention, the mobile console com- 
prises command data transmitting means for 
transmitting data containing a command intended for a 
designated sensor unit to one of the sensor units. Each 
sensor unit comprises command data executing means 
for conducting a certain action according to a command 
if the data received from the adjacent sensor unit is 
intended for the particular sensor unit and contains 
such a command. 

[0032] The data "intended for the particular sensor 
unit" includes not only the data only for the particular 
sensor unit, but also the data intended for the particular 
sensor and another sensor, or all of the sensor units. 
[0033] The "command" used herein may comprise 
what is broadly defined as a command. Each sensor 
unit is provided with a capability to execute a process of 
analyzing the command and conducting a correspond- 
ing action. The command may come in a wide variety 
depending on the kind of the sensor unit (photoelectric 
sensor, proximate sensor, ultrasonic sensor and so 
forth), and the functions It performs. 
[0034] Thereby, the action of each sensor unit can 
be conducted according to a command issued from the 
mobile console and passed on from one sensor unit to 
another in the manner of a bucket brigade. 
[0035] In the case of a sensor system which allows 
the action of each sensor unit to be conducted accord- 
ing to a command issued from the mobile console 
according to a preferred embodiment of the present 



invention, the command may include van us com- 
mands. - 

[0036] According to a preferred embodiment of th 
present invention, the command consists of a monitor 
5 command which is associated with the action to read 
the data of a monitor item designated by the monitor 
command, and return the data to the mobile console as 
monitor data. 

[0037] According to this structure, the state of each 
to sensor unit can be monitored from the mobile console. 
Each sensor unit may not provide an adequate space 
for the keypad and display unit because of the compact 
design for Its housing, but the mobile console does not 
suffer from such a restriction. Therefore, a favorable 
is handling and vis&iTrty can be achieved. 

[0038] According to a preferred embodiment of the 
present invention, the command consists of a data set- 
ting command which is associated with the action to 
write the data attached to the data setting command 
20 into a setting item designated by the data setting com- 
mand. 

[0039] According to this structure, the state of each 
sensor unit can be set by a operation of the mobile con- 
sole, and the handling can be improved for the reasons 

25 mentioned above. 

[0040] According to a preferred errtbodiment of the 
present invention, the command consists of a disable 
command which is associated with the action to disable 
the manipulation of a key of the sensor unit correspond- 

30 ing to a function designated by the disable command. 
[0041] Thus, by using such a disable command, a 
security is placed on a function which is not desired to 
be changed by the operator or other personnel on the 
site. 

35 [0042] According to a preferred embodiment of the 
present invention, the command consists of a con- 
cealed function executing command which allows a 
concealed function to be executed, the concealed func- 
tion being unable to be Invoked by a key operation from 

40 the sensor unit 

[0043] By thus concealing the function which 
should not be entrusted to personnel other than the 
designer or administrator, the security of the system can 
be ensured. - 

45 (0044] The sensor system according to a different 
embodiment of the present invention comprises a plu- 
rality of sensor units which are adapted to be placed 
closely one next to another and each assigned with an 
individual address, and a bus unit which is adapted to 

so be connected to at least one of the sensor units. 

[0045] Each of the sensor units comprises a con- 
nector means each side for allowing communication 
with a corresponding one of the adjacent sensor units; 
and data relaying means for transmitting data received 

55 from one of the adjacent sensor units via the corre- 
sponding connector means to the other adjacent sensor 
unit via the other connector means. 
[0046] The bus unit comprises protocol conversion 
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means for converting a communication protocol 
between sensor unit communlcati n system and field 
bus communication system which Is connected to 
quipm nt such as a programmable controller and per- 
sonal computer. 5 
[0047] Thus, It permits a bi-directional data commu- 
nication between the equipment such as a programma- 
ble controller and personal computer on the field bus 
and the sensor unit 

[0048] According to this structure, the data such as 10 
a detected value and switching output which otherwise 
issues from each Individual sensor unit can be wholly 
obtained from the side of the bus unit, and forwarded to 
the programmable logic controller so that the output line 
extending from each individual sensor unit can be omit- is 
ted. This contributes to the simpfification of wiring 
requirement 

[0049] According to a preferred embodiment of the 
present invention, each sensor unit comprises com- 
mand executing means for executing an action associ- 20 
ated with the command if the received command data is 
intended for the particular sensor unit and contains a 
command. 

[0050] Thereby, the action of each sensor unit can 
be executed according to a command from equipment 2s 
on the field bus. In other words, because a programma- 
ble controller (PLC), a FA (factory automation) personal 
computer (FA PC) and so on can be connected to the 
field bus, it is possible to invoke the desired function of 
each sensor unit by issuing commands such as monitor 30 
commands and data setting commands from such 
equipment 

[0051] To realize such a sensor system, sensor 
units having a certain structure i Is used. This sensor unit 
comprises a connector means on each side for allowing 35 
communication with a corresponding one of adjacent 
sensor units; data relaying means for relaying data 
received from one of the adjacent sensor units via one 
of the connector means to the other adjacent sensor 
unit via the other connector means; and command exe- ao 
cuting means for receiving data from an adjacent one of 
the sensor units via one of the connector means, and 
executing a command if the received data is intended 
for the particular sensor unit, and when the received 
data contains the command. 45 
[0052] In the case of the sensor units also, it is pref- 
erable to use a number of basic commands. According 
to a preferred embodiment of the present Invention, the 
command consists of a monitor command which is 
associated with the action to read the data of a monitor so 
item designated by the monitor command, and return 
the data to the mobile console as monitor data. 
[0053] According to a preferred embodiment of the 
present invention, the command consists of a data set- 
ting command which Is associated with the action to ss 
write the data attached to the data setting command 
into a setting item designated by the data setting com- 
mand. 



[0054] According to a pref rred embodiment of th 
present inv ntion, the command consists of a disable 
command which is associated with th action to disabl 
the manipulation of a key of th sensor unit correspond- 
ing to a function designated by the disable command. 
[0055] According to a preferred embodiment of the 
present invention, the command consists of a con- 
cealed function executing command which allows a 
concealed function to be executed, the concealed func- 
tion being unable to be invoked by a key operation from 
the sensor unit 

[0056] In the sensor system of the present invention 
described above, a mobile console having a certain 
structure is used. According to a preferred embodiment 
of the present invention, the mobile console is adapted 
to be connected to one of a plurality of sensor units 
each adapted for a bi-directional communication with 
adjacent sensor units and a relaying function for data 
that is not intended for the particular sensor unit 
[0057] According to a preferred embodiment of the 
present invention, the mobile console may comprise 
command means for entering various commands; dis- 
play means for displaying various items of data; monitor 
command transmitting means for transmitting a monitor 
command to a designated sensor unit in response to a 
command entered from the command means; and mon- 
itoring data display means for displaying on the display 
means monitoring data that is returned from the desig- 
nated sensor unit in response to the transmission of the 
monitor command. 

[0058] According to a preferred embodiment of the 
present invention, the mobile console comprises com- 
mand means for entering various commands; display 
means for displaying various items of data; and setting 
data transmission means for transmitting setting data to 
a designated sensor unit in response to a command 
from the command means. 

[0059] According to a preferred embodiment of the 
present Invention, the mobile console comprises com- 
mand means for entering various commands; display 
means for displaying various items of data; and disable 
command transmission means for transmitting a disable 
command to a designated sensor unit in response to a 
command from the command means. 
[0060] According to a preferred embodiment of the 
present invention, the mobile console comprises com- 
mand means for entering various commands; display 
means for displaying various Items of data; and con- 
cealed function executing command transmission 
means for transmitting a concealed function executing 
command to a designated sensor unit in response to a 
command from the command means. 
[0061] According to the sensor system of the 
present invention, data transfer can be accomplished by 
connecting thereto any control unit other than the 
mobile console and bus unit mentioned above. This Is 
so because the sensor unit array is provided with the 
function to accomplish a bi-directionaJ data transfer in 



5 



9 



EP1 036 456 A2 



10 



the manner of a bucket brigade. 

[0062] Essentially, th sens r system of th present 
invention comprises a plurality f sensor units which are 
adapted to be placed closely on next to another and 
each assigned with an individual address, and a mobile 
console which Is adapted to be connected to at least 

ne of the sensor units, each of the sensor units com- 
prising: a connector means on each side for allowing 
communication with a corresponding one of the adja- 
cent sensor units; and data relaying means for relaying 
data received from one of the adjacent sensor units via 
one of the connector means to the other adjacent sen- 
sor unit via the other connector means so as to permit a 
bi-directional data communication from the mobile con- 
sole to the sensor units or from the sensor units to the 
mobile console in the manner of a bucket brigade. 
[0063] Essentially, the bus unit of the present Inven- 
tion is adapted to be connected to one of a plurality of 
sensor units each adapted for a bidirectional communi- 
cation with adjacent sensor units and a data relaying 
function comprising: protocol conversion means tor con- 
verting a communication protocol between sensor unit 
communication means and field bus communication 
means which is connected to equipment such as a pro- 
grammable controller and personal computer, so as to 
permit a bi-directional data communication between the 

quipment such as a programmable controller and per- 
sonal computer on a field bus and the sensor unit 
[0064] In connection with the sensor system, sen- 
sor unit and mobile console which are descrfced above, 
the sensor units preferably comprise optical fiber type 
photoelectric sensor units. 

[0065] The connector means may comprise a fight 
emitting element and a Dght receiving element so as to 
allow transmitting and receiving light signals. 
[0066] By using such an optical connector, the side 
faces of the unit housing may be given with a flat sur- 
face, as opposed to the case using a male and female 
connector. This contributes to the improvement in the 
immunity against electromagnetic interferences and the 
elimination of poor contact problems. 
[0067] One of the advantages of the mobile console 
of the present invention is found in the fact that although 
the sensor unit array is typically placed In a narrow and 
poorly accessible space in a control console or the like, 
because the mobile console may be placed hi a highly 
accessible place remotely from the sensor array, the 
monitoring or other work related with the sensor system 
can be facilitated. 

[0068] This advantages owes to the data collecting 
function of the mobile console based on communica- 
tion, and does not rely on the use of the bucket brigade 
scheme or the common transmission fine (bus) scheme. 
In this regard, the mobile console of the present inven- 
tion can be characterized as given in the following. 
[0069] The mobile console of the present invention 
is provided commonly for a number of sensor units 
arranged one next to another and ach provid d with a 



communication function. Being "provided commonly" 
means that it is not provided for each of the sensor 
units. The data communication between the sensor 
units may be based n the bucket brigade scheme r 

s the common transmission line (bus) scheme. 

[0070] The mobile console is provided with com- 
mand means; display means; and control means for tak- 
ing out data on each designated sensor unit from the 
sensor unit by communication according to a command 

io entered from the command means, and displaying the 
data on the display means. The target for the communi- 
cation by the mobile console is not limited to the sensor 
units In the array, it is also possfole to provide an infra- 
red communication function In each of the sensor units 

is so that the mobile console may communicate directly 
with them, without the Intervention of any other sensor 
units, to allow the data to be collected Individually. 
[0071] According to the mobile console of the 
present invention, the communication with the sensor 

20 units may be conducted via a single sensor unit or a 
common transmission line. In other words, it is possible 
to relay the data received by one of the sensor units to 
an adjacent sensor unit in the manner of a bucket bri- 
gade or by forwarding the data to a common transmis- 

25 sion line. 

[0072] According to the mobile console of the 
present invention, the communication with the single 
sensor unit or common transmission fine is conducted 
via wire transmission using an electric cord, or wireless 

30 transmission using infrared light, radio wave and ultra- 
sonic radiation so as to allow the data of the sensor 
units to be monitored remotely. According to such an 
arrangement, the mobile console may be easily sepa- 
rated from the sensor unit array so that the data of the 

35 sensor units can be easily monitored and adjusted 
remotely. 

[0073] According to the mobile console of the 
present Invention, the data of the sensor units com- 
prises a detected analog value or a threshold level for a 

40 binary As can be readily appreciated, the data may also 
comprise data of any other kind. 
[0074] The external appearance of the mobile con- 
sole of the present invention may characterized by a 
housing provided with a keypad serving as the com- 

as mand means and a display unit serving as the display 
means, the housing being so dimensioned and config- 
ured as to permit the keypad to be manipulated with one 
hand while holding the housing with the other hand. 
This obviously enhances the handing of the mobile 

so console. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0075] Now the present invention is described in the 
55 following with reference to the appended drawings, in 
which: 

Figure 1 is a perspective view of an embodiment of 
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the sensor system according to th present Inven- 
tion; • 

Figure 2 is a perspective view of ne of the sensor 
units; 

Figure 3 is a perspective view of the connector unit 5 
leading to the mobile console; 
Figure 4 is a schematic view of the arrangement of 
the connector unit and the light emittino/receivlng 
elements of the sensor units; 

Figure 5 is a perspective view of the arrangement of 10 
the light emitting/receiving elements and lenses of 
two adjacent sensor units; 

Figure 6 is a simplified block diagram of the electric 
structure of each sensor unit; 

Figure 7 is a more detailed block diagram of the 15 
electric structure of each sensor unit; 
Figure 8 Is a block diagram of the electric structure 
of the mobile console; 

Figure 9 is a schematic view illustrating the mode of 
allocating channels to the master and slave sensor 20 
units, and the mobile console; 
Figure 10 Is a flowchart showing the communica- 
tion process at the mobile console; 
Figure 1 1 is a flowchart showing the communica- 
tion process at each sensor unit (part 1 ); 25 
Figure 12 is a flowchart showing the communica- 
tion process at each sensor unit (part 2); 
Figure 13 is a flowchart showing the communica- 
tion process at each sensor unit (part 3); 
Figure 14 is a flowchart showing the comrnunica- 30 
tion process at each sensor unit (part 4); 
Figure 15 is a perspective view showing an alter- 
nate embodiment of the sensor system accorcfing 
to the present Invention; 

Figure 1 6 Is a schematic view Illustrating the mode 3S 
of allocating channels to the master and slave sen- 
sor units, bus unit and the mobile console; 
Figure 17 is a flowchart showing the communica- 
tion process using the bus unit (part 1); 
Figure 18 is a flowchart showing the comrnunica- 40 
tion process using the bus unit (part 2); 
Figure 1 9 is a time chart showing the mode of data 
transfer between adjacent sensor units; 
Figure 20 is a flowchart showing the overall process 
at the mobile console; 45 
Figure 21 is a flowchart showing the sub menu 
process; 

Figure 22 is a flowchart showing the real time set- 
ting process; 

Figure 23 is a flowchart showing the off line setting so 
process; 

Figure 24 is a flowchart showing the setting copying 
process; 

Figure 25 is a flowchart showing the process of pre- 
venting mutual interferences between the master ss 
and sensor units; 

Figure 26 is a schematic view of the bank for storing 
the settings of the sensor units; 



Figure 27 is a diagram showing an exemplary appli- 
cation of the sensor system f th present inven- 
tion; 

Figure 28 is a diagram showing th structure of the 
data in the ch 1 bank; 

Figure 29 is a diagram illustrating the hardware for 
communication; 

Figure 30 is a diagram Illustrating the state where a 
maximum number of units are connected In combi- 
nation with a bus unit; 

Figure 31 is a diagram showing the layout of the 
sensor system Including an optional unit 
Figure 32 is a flowchart generally showing the initial 
process; 

Figure 33 is a flowchart showing the sensor position 
identification process; 

Figure 34 Is a diagram showing the sensor channel 
setting process (part 1 ); 

Figure 35 Is a diagram showing the sensor channel 
setting process (part 2); 

Figure 36 is a diagram showing the structure of the 

transmission/reception data; 

Figure 37 is a diagram showing the format of the 

transmission/reception data; 

Figure 38 is a diagram showing the specifications of 

the data for communication; 

Figure 39 is a diagram showing the contents of the 

T1/T2data; 

Figure 40 b a diagram showing the structure of the 
updata/downdata data; 

Figure 41 is a diagram showing the control flow of a 
6-byte command; 

Figure 42 Is a diagram showing the concept of data 
communication; 

Figure 43 is a timing chart showing the concept of 
data communication; 

Figure 44 Is a perspective view of a sensor unit; 
Figure 45 is a perspective view of a connector unit 
which is connected to a mobile console; 
Figure 46 is a diagram showing the relationship 
between the sensor system and transmission for- 
mat; 

Figure 47 is a block diagram showing the circuit 

structure of the sensor unit; 

Figure 48 is a flowchart showing the sensor unit 

process; 

Figure 49 is a diagram showing the relationship 
between a mobile console and a sensor system 
which Is based on radio wave communication; 
Figure 50 is a diagram showing the relationship 
between a mobile console and a sensor system 
which is based on infrared light communication; 
Figure 51 is a diagram showing the work procedure 
when using the mobile console; 
Figure 52 is a schematic view showing the mode of 
holcfing the mobile console with a hand; and 
Figure 53 is a time chart illustrating the data trans- 
fer protocol. 
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PETAHEP DESCRIPTION OF THE PREFERREP 
EMBODIMENTS 

[0076] Figure 1 is a perspective view showing an 
embodiment of the sensor system according to. the 
present Invention. As shown in this drawing, this sensor 
system comprises a plurality (16 in the illustrated 
embodiment) of sensor units SUO to SU15 which are 
adapted to be arranged closely one next to another and 
assigned with Individual addresses, and a mobile con- 
sole MC adapted to be connected to at least one of the 
sensor units SUO to SU15. In this embodiment, the sen- 
sor units SUO to SU1 5 consist of optical fiber photoelec- 
tric switches. 

[0077] The illustrated sensor units SUO to SU15 are 
mounted on a DIN rail 1 closely one next to another. The 
upper face of the housing of each sensor unit is pro- 
vided with a display unit 2 consisting of four seven-seg- 
ment display devices, and a keypad 3 including a 
plurality of function keys and increment keys. From the 
front face of the housing of each sensor unit extends an 
electric cord 5 for forwarding a switching output From 
the rear face of the housing extend an outgoing optical 
fiber 4a and an incoming optical fiber 4b. 
[0078] The front face of the mobile console MC is 
provided with a display unit 6 and keypad 7. An electric 
cord 12 extends from the upper end of the mobile con- 
sole MC, and the other end of the electric cord 12 is 
connected to a connector unit CU. The connector unit 
CU is mounted on the DIN rail 1 adjacent to the left end 
of the array of the sensor units SUO to SU 1 5 in the same 
manner as the sensor units SUO to SU15. 
[0079] Figure 2 is a perspective view showing the 
external appearance of one of the sensor units. 
[0080] As shown in the drawing, windows 8 and 9 
for emitting and receiving fight are formed on either side 
of the somewhat narrow, rectangular housing of the 
sensor unit SU. The windows 8 and 9 may appear as 
openings in the drawings, but are closed by fitter mem- 
bers for shutting off visible light In the drawing, numeral 
10 denotes a mounting groove for the DIN rail, and 
numerals 11a and 11b denote a pair of sensor heads. 
More specifically, the fight emitted from a light emitting 
device in the housing not shown in the drawing is for- 
warded to the sensor head 1 1a via the outgoing optical 
fiber 4a, and is then projected into a detection region 13. 
The Hght transmitted through the detection region 13 is 
detected by the detector head 11b, and is returned to 
the interior of the housing of the sensor unit to be 
detected by a light receiving element not shown in the 
drawing via the incoming optical fiber 4b. 
[0081] Figure 3 is a perspective view showing the 
connector unit CU connected to the mobile console MC. 
As shown in this drawing, a fight emitting/receiving win- 
dow 14 is formed on one side of the connector unit CU, 
and opposes the light emittingfreceiving window 9 of the 
sensor unit SU15 located at the left end of the sensor 
unit array The light emitting/receiving window 14 is also 



fitted with a fitter for shutting off vis&l fight. 
[0082] The light emittingfreceiving windows 8 and 9 
of th sensor unit SU, and th fight emitting/receiving 
window 14 of th connector unit CU are each incorpo- 

5 rated with a pair of fight emftting and receiving elements 
serving as an optical connector. 
[0083] Figure 4 is a sectional view schematically 
illustrating the arrangement of the light emitting/receiv- 
ing elements in the connector unit CU and the sensor 

w unit array SUO to SU1 5. 

[0084] As shown in the drawing, the connector unit 
CU and the sensor units SU are each incorporated with 
a circuit board 16 or 1 7 carrying various electronic com- 
ponents. The circuit board 16 of the connector unit CU 

is carries a fight emitting element 1 8 and a Dght receiving 
element 19 one next to the other on one side thereof. 
The fight receiving and emitting elements 18 and 19 
directly oppose the fight emitting/receiving window 14. 
[0085] The circuit board 1 7 in each sensor unit SU 

so carries two pairs of fight emitting/receiving elements 1 8 
and 1 9 on either side thereof which directly oppose the 
fight emitting/receiving windows 8 and 9, respectively. 
[0086] In other words, each of the sensor units SUO 
to SU15 Is provided with a pair of optical connectors 

25 which are capable of transmitting and receiving signals 
to and from the adjacent sensor units. Each of the opti- 
cal connectors comprises a pair of light emitting/receiv- 
ing elements (the upper fight emitting/receiving 
. elements 18 and 19 and the lower fight ernitting/receiv- 

30 ing elements 18 and 19 of Figure 4) in reversed 
arrangement from one pair to another so as to oppose 
the corresponding fight emitting/receiving elements of 
the adjacent sensor units. 

[0087] Therefore, appropriately activating the light 
35 receiving and emitting elements 1 8 and 1 9 enables a bl- 
direction communication between the adjacent sensor 
units, and between the sensor unit SU15 and the con- 
nector unit CU as Indicated by the arrows in the draw- 
ing. 

4a [0088] Figure 5 is a perspective view showing the 
arrangement of the light emitting/receiving elements 
and lenses of two adjacent sensor units. 
[0089] As shown in the drawing, each of the adja- 
cent sensor units SU13 and SU14 is Incorporated with a 
45 circuit board 17 which carries a light emitting element 
1 8 and a light receiving element 1 9 one next to the other 
on each side thereof. The fight emitting/receiving ele- 
ments 18 and 19 reverse their arrangement from one 
side of the circuit board 1 7 to another. Each light emit- 
so ting/receiving window is fitted with a semi-cylindrical 
lens 20 so that the emission and reception of tight can 
be effected via the fight emitting/receiving window in an 
efficient manner. The fight emitting element 18 in this 
embodiment consists of an infrared fight emitting diode. 
55 [0090] Figure 6 is a block diagram schematically 
illustrating the electric arrangement of each sensor unit 
[0091] This electric circuit essentially consists of a 
sensing circuit unit (A), a right communication circuit 
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unit (B1), and a left communication circuit unit (B2). 
[0092] The sensing circuit unit (A) comprises a fight 
emitting circuit 300, a Tight emitting element (LED) 320, 
a fight receiving tement (PD) 330, and a light receiving 
circuit 310. 

[0093] The right communication circuit unit (B1) 
comprises a light emitting circuit 210, a light emitting 
element (LED) 18, a light receiving element (PD) 19. 
and a light receiving circuit 220. 
[0094] The left communication circuit unit (B2) like- 
wise comprises a light emitting circuit 240, a light emit- 
ting element (LED) 18, a light receiving element (PD) 
1 9, and a fight receiving circuit 230. 
[0095] The CPU 1 00 essentially consists of a micro- 
processor, and executes the various functions with the 
aid of software as described hereinafter. 
[0096] The output circuit 400 produces the fight 
reception data obtained from the aforementioned sens- 
ing circuit unit (A) simply as a digital value or as a binary 
signal serving as a switching signal according to a pre- 
scribed threshold level. 

[0097] Figure 7 is a block diagram illustrating the 
electric structure of the sensor unit in greater detail. 
[0098] In the drawing, the blocks denoted with 
numerals in the one hundreds represent functions and 
processes accomplished by the microprocessor of the 
CPU 100 with the aid of software. The blocks denoted 
with numerals in the two hundreds represent functions 
and processes accomplished by hardware such as 
electric circuits. 

[0099] As shown in the drawing, the CPU 100 is 
incorporated with a measurement control process unit 
101 , a switching Input detection process unit 102, a dis- 
play lamp control process unit 1 03, a fight receiving con- 
trol process unit 104, a fight emitting control process 
unit 105, a transmission/reception control process unit 
106, an EEPROM control process unit 107, a control 
output process unit 1 08 and a reset process unit 1 09 all 
of which are Implemented by software. 
[0100] First of all, the sensing circuit unit (A) is 
described In the following. 

[0101] The measurement control process unit 101 
controls a light emitting control circuit 301 via the light 
emitting control process unit 1 05 to drive the light emit- 
ting element (LED) 320, causing an infrared light beam 
to be produced therefrom. The Infrared light beam is 
projected into the detection region via the outgoing opti- 
cal fiber, and eventually reaches the light receiving ele- 
ment (PD) 330 via the incoming optical fiber. The output 
from the incoming optical fiber Is amplified by an ampli- 
fier circuit 31 1 , and is converted into a digital signal by 
an A/D converter 312. The digital signal is then for- 
warded to the control output process unit 101 via the 
light receiving control process unit 1 04. 
[0102] The measurement control process unit 101 
forwards the light reception data, via the control output 
process unit i 08, to the control output circuit 401 as it Is 
or after converting the fight reception data into binary 



data according to a prescribed threshold level, and 
sends it out to th outside. 

[01 03] Th right and I ft communication circuit units 
(B1 and B2) are described in th following. 
5 [0104] Th communication control process unit 110 
controls the transmission/reception control process unit 
106 so that the right communication light emitting ele- 
ment (LED) 1 8a may be driven by a light emitting driver 
circuit 21 1 , and a light signal may be transmitted to the 
w right adjacent sensor unit The fight signal transmitted 
from the right adjacent sensor unit is received by the 
right communication light receiving element (PD) 19a, 
and after being amplified by an amplifier circuit 221, is 
forwarded to the communication control process unit 
is 1 10 via the transmission/reception control process unit 
106. 

[0105] Likewise, the transmission/reception control 
process unit 106 drives the left communication light 
emitting element (LED) 1 8b via a light emitting driver cir- 
20 cuit 241 , and transmits a fight signal to the left adjacent 
sensor unit The fight signal transmitted from the left 
adjacent sensor unit is received by the left communica- 
tion light receiving element (PD) 19b, and after being 
amplified by an amplifier circuit 231 , Is forwarded to the 
25 communication control process unit 110 via the trans- 
mission/reception control process unit 1 06. 
[0106] In this manner, the communication control 
process unit 110 carries out a data communication 
between adjacent sensor units according to a pre- 
30 scribed protocol and transmission/reception format. 
[0107] The display lamp control process unit 103 
drives display lamps (LED) forming the display unit 2, 
and the switch input detection process unit 102 detects 
an input from the switches and buttons of the keypad 3. 
as The EEPROM control process unit 107 controls the 
write/read operation on EEPROM 502 provided outside 
the CPU. 

[01 08] The reset process unit 1 09 executes a reset 
process on the measurement control process unit 101 
40 according to the signal from a reset unit 503. A power 
unit 504 supplies electric power to the CPU 100 and 
external hardware circuits. 

[0109] Figure 8 is a block diagram showing the 
electric structure of the mobile console. 
45 [01 1 0] As shown In the drawing, this electric circuit 
generally consists of a circuit portion corresponding to a 
mobile console MC and a circuit portion corresponding 
to a connector unit CU. 

[0111] The circuit portion corresponding to the 
50 mobile console MC in turn comprises process units 601 
to 607 which are realized by software and circuit units 
701 to 706 which are realized by hardware consisting of 
electric circuits. Numeral 800 denotes an AC adapter for 
battery recharging. 
55 [0112] The process units which are realized by the 
CPU 600 with the aid of software comprises a measure- 
ment control process unit 601 , a communication control 
process unit 602, a transmission/reception control proc- 
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ess unit 603, a display lamp control process unit 604, a 
switching Input detection process unit 605, an EEPROM 
control process unit 606 and a reset process unit 607 
which are formed by software. 

[0113] The circuit units which are formed by hard- s 
ware comprises an oscillation circuit (OSC) 701, EEP- 
ROM 702, a reset unit 703, a power unit 704, a battery 
unit 705 and a recharging unit 706. 
[0114] The circuit portion corresponding to the con- 
nector unit (CU) comprises a light emitting driver circuit 10 
unit 901 , a communication fight emitting element (LED) 
18, a communtealion light receiving element (PD) 19 
and an amplifier circuit 902. 

[0115] The above described structure operates as 
follows. The measurement control process unit 601 con- is 
trots the transmission/reception control process unit 603 
via the communication control process unit 602 so as to 
drive the communication fight emitting element (LED) 
18 via the light emitting driver circuit unit 901, and 
project a fight signal to the sensor unit SU 1 5 adjacent to 20 
the connector unit CU. The light signal from the sensor 
unit SU1 5 Is received by the communication Dght receiv- 
ing element (PD) 19, and the output therefrom is ampli- 
fied by the amplifier circuit 902 before it Is forwarded to 
the communication control process unit 602 via the zs 
transmission/reception control process unit 603. 
[0116] In this manner, the communication control 
process unit 602 conducts signal transmission and 
reception to and from the sensor unit SU1 5 via the con- 
nector unit CU according to a prescribed protocol and ao 
communication format 

[01 1 7] The mobile console MC can be recharged by 
the AC adapter 800. This can be accomplished by sup- 
prying the AC power from the AC adapter 800 to the bat- 
tery unit 705 via the recharging circuit unit 706. The DC as 
power obtained from the battery unit 705 is stabilized by 
the power unit 704, and is supplied to the internal cir- 
cuits such as the CPU 600. 

[0118] Figure 9 illustrates the mode of channel 
(address) allocation by the master and slave sensor 40 
units and the mobile console. 

[0119] As can be appreciated from the drawing, 
when the sensor units SUO to SU15 and the mobile con- 
sole MC (CU) are arranged in that order, the channel 
allocation Is effected In such a manner that the sensor 45 
unit SUO is a master unit (ch 0), the sensor unit SU1 is 
a slave unit (ch 1), and the sensor units SU2 (ch 2) to 
SU15 (ch 15) are slave units. The mobile console MC Is 
assigned with ch 63 as a fixed setting. Further, the data 
which Is forwarded from the mobile console MC to the so 
master sensor unit SUO Is called "updata", and the data 
which is forwarded from the master sensor unit SUO to 
the mobile console MC is called "downdata". 
[0120] The channel allocation can be accomplished 

ither in a fixed manner by using a DIP switch or the Dke 55 
or in an automatic manner by Incorporating the function 
to Identified its own position in relation with the others 
Into each sensor unit 



[0121] The optical fiber photoelectric sensor units 
forming the sensor unit array (SUO to SU15) each 
repeat fight emission for sensing purpose at th interval 
of 100 us, for Instance. For each particular pair of sen- 
sor units adjacent to each other, the timing of the sens- 
ing fight emission is about 10 us earlier for the sensor 
unit on the side of the master unit (ch 0) than the sensor 
unit on the other side of the master unit This delay in 
the timing of light emission is created by sequentially 
delaying the Dght emission timing signal by 10 us from 
the master unit to the mobile console (ch 1 6). This time 
delay of 10 us prevents interferences of the fight emis- 
sions between adjacent sensors. 
[01 22] Figure 1 0 shows a flowchart of the communi- 
cation process at the mobile console. 
[0123] As shown In the drawing, this communica- 
tion process is executed in response to the arrival of a 
Tight emitting timing signal from the sensor unit SU15 
adjacent to the mobile console. As can be appreciated 
from the foregoing description, the fight emission timing 
signals are sequentially transferred from the master unit 
(ch 0) to the mobile console (MC) In the manner of a 
bucket brigade. Referring to this drawing, when the 
process Is started, the system wafts for the arrival of a 
fight emitting timing signal from the sensor unit SU15 
adjacent to the mobile console (steps 1001 and 1002- 
no). 

[0124] When a light emitting timing signal arrives 
from the sensor unit SU15 adjacent to the mobile con- 
sole under this condition (step 1002-yes), after execut- 
ing a wait process for a prescribed time period (step 
1003), if required, updata is transmitted to the sensor 
unit SU15 which is adjacent to the mobile console on 
the side of the master sensor unit (step 1004). Thereaf- 
ter, the system likewise waits for the arrival of a light 
emitting timing signal from the sensor unit SU15 adja- 
cent to the mobile console MC (steps 1005 and 1006- 
no). 

[0126] The updata may contain a monitor com- 
mand, data setting command, disable command and 
concealed function executing command. 
[0126] When a light emitting timing signal arrives 
from the sensor unit SU15 adjacent to the mobile con- 
sole under this condition (step 1 006-yes), after execut- 
ing a wait process for a prescribed time period (step 

1 007) , the system waits for the receipt of downdata from 
the sensor unit SU15 which is adjacent to the mobile 
console from the side of the master sensor unit (step 

1008) . 

[01 27] If downdata is received from the sensor unit 
SU15 which Is adjacent to the mobile console MC dur- 
ing this waiting period (step 1009-yes), a prescribed 
post-process is performed on the received downdata 
(step 1010). The post process (step 1010) includes the 
storing process for the monitoring data or the (ike. On 
the other hand, if no downdata Is received from the sen- 
sor unit SU15 which Is adjacent to the mobile console 
MC during this waiting period (step 1009-no), the post- 
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process on the downdata (step 1010) Is skipped, and 
th system again wafts tor the arrival f a light emitting 
timing signal from the sensor unit SU1 5 adjacent t the 
mobile console (steps 101 1 and 1012-n ). 
[0128] Thereafter, every time a fight emitting timing 5 
signal arrives at the sensor unit SU15 (step 1012-yes), 
the program flow returns to step 1003, and the subse- 
quent steps (steps 1003 to 1012) are repeated. 
[0129] In this manner, the mobile console MC alter- 
nately repeats the transmission of updata to the sensor 10 
unit SU 15 which Is adjacent to the mobile console from 
the side of the master sensor unit (step 1004), and the 
post-process on the downdata from the sensor unit 
SU15 (step 1010) in response to each arrival of a light 
emitting timing signal. is 
[0130] Figures 11 to 14 show the flowchart of the 
communication process in the manner of a bucket bri- 
gade at each sensor unit 

[0131] The communication process at each sensor 
unit SU differs slightly depending on if the sensor unit is 20 
a master unit or a stave unit The flowchart shown in 
Figures 11 to 14 describes both the cases where the 
sensor unit Is a master unit and a slave unit. Each sen- 
sor unit may be Identified as a master unit or a slave unit 
during the power-on Initialization process in which each 25 
sensor unit sends a handshake signal to the two adja- 
cent sensor units. If the two adjacent sensor units 
respond to the handshake signal, the sensor unit in 
question is Identified as a slave unit If there Is no 
response from the right adjacent sensor unit, the sensor 30 
unit in question is identified as a master unit If there is 
no response from the left adjacent sensor unit, the sen- 
sor unit In question Is identified as a slave unit on the left 
end. 

[0132] When the process shown in Figure 11 Is 35 
started, each slave sensor unit waits for the arrival of a 
light emitting timing signal from the adjacent sensor unit 
on the side of the master sensor unit (steps 1 101 and 
1102-no). 

[0133] Under this condition, if a Tight emitting timing 40 
signal arrives from the adjacent sensor unit on the side 
of the master sensor unit (step 1 102-yes), a light emit- 
ting process Is executed for the light emitting element of 
the sensing system which was described earlier (step 
1 103), and, then, the process of transmitting a timing 45 
signal to the adjacent sensor unit on the other side of 
the master unit is executed (step 1 1 04). As each sensor 
unit repeats this process, the aforementioned time delay 
(1 0 us, for instance) for light emission Is created. 
[0134] Thereafter, It is determined If updata has so 
been received from the adjacent sensor unit on the 
other side of the master unit (step 1 1 05). If there was no 
reception of updata (step 1105-no), the fight receiving 
process (conversion into binary data according to a 
threshold level, and external output process for the ss 
result of the binary conversion) Is conducted on the out- 
put data (light receiving data) from the light receiving 
element (PD) (numeral 330 of Figure 7) of the sensing 



system (step 1 1 06), and the system again waits for the 
arrival of a light emitting timing signal from the adjacent 
sensor unit on the side of the master unit (steps 1 1 01 
and 1 1 02-no). The master sensor unit on the oth r hand 
does not wait for the arrival of a right emitting timing sig- 
nal, but executes the light emitting process at a regular 
Interval which is set by a timer (step 1 1 03). 
[0135] If the sensor unit receives updata from the 
adjacent sensor unit on the other side of the master unit 
during the course of the execution of the above 
described processes (step 1105-yes), the updata from 
the adjacent sensor unit on the other side of the master 
unit Is stored (step 1107), and, then, a light receiving 
process such as a binary process is conducted on the 
received fight data from the light receiving element (PD) 
(Indicated by numeral 330 In Figure 7) of the sensing 
system (step 1108). In this example, the updata has 
issued from the mobile console MC In step 1004 of Fig- 
ure 10, and may contain various commands (such as a 
monitor command or the like). 

[0136] Referring to Figure 12, the program flow 
advances to a stage where the sensor unit waits for the 
arrival of a light emitting timing signal from the adjacent 
sensor unit on the side of the master unit (steps 1201 
and 1202- no). 

[0137] If a light emitting timing signal arrives from 
the adjacent sensor unit on the side of the master unit 
under this condition (step 1202-yes), the light emitting 
process Is conducted on the fight emitting element 
(LED) (indicated by numeral 320 in Figure 7) of the 
sensing system (step 1203), and it is followed by the 
transmission of a light emitting timing signal to the sen- 
sor unit on the other side of the master unit (step 1204). 
[0138] Thereafter, It Is determined if the updata 
stored In step 1 107 Is Intended for the particular sensor 
unit or not (step 1205). 

[0139] If the data which is received and stored is 
determined to be Intended for the particular sensor unit 
(step 1 205-yes), the process corresponding to the com- 
mand Included in the updata is executed (step 1206). 
The command may comprise a monitor command, data 
setting command, operation disable command and con- 
cealed function executing command. 
[0140] If the command consists of a monitor com- 
mand, the data corresponding to a monitoring Item des- 
ignated by the monitor command is read out, and is 
edited as monitoring data The monitoring items may 
include the current received light level, threshold level 
and so on. 

[0141] If the command consists of a data setting 
command, the data attached to the data setting com- 
mand Is written into a setting Hem designated by the 
command. The setting Items may include the threshold 
level for binary conversion of the detected value, the set 
times for the output on-delay timer and output off-delay 
time, detection mode and so on. 
fQt 42] If the command consists of an operation dis- 
able command, the key operation of the sensor unit cor- 
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responding to the function designated by the operation 
disable command is disabled. Th operation that may 
be disabled may comprise the teaching for automati- 
cally setting a threshold level, zero resetting for the off- 
setting of the detected value relative to the background 
level, and changing the set times for the output on-delay 
timer and output off-delay timer. 
[0143] If the command consists of a concealed 
function executing command, the concealed function 
which cannot be invoked by the key operation on the 
sensor unit Is executed. The concealed functions may 
comprise changing the timer mode, and conducting a 
communication test The timer modes may Include an 
off-delay timer for delaying the change from on to off of 
the output to extend the on time, on-delay timer for 
delaying the change from off to on of the output to elim- 
inate short on-outputs, and one shot timer mode for pro- 
ducing an on output of a presented time duration upon 
each change from off to on. 

[01 44] On the other hand, if the updata is not deter- 
mined to be intended for the particular sensor unit (step 
1 205-no), the updata Is transmitted to the adjacent sen- 
sor unit on the side of the master unit (step 1207). 
Thereby, the updata transfer function Is achieved by the 
slave sensor unit 

[0145] Thereafter, the light receiving process such 
as the binary convenrsion process and outside output 
process is conducted according to the light data 
received from the light receiving element (PD) (step 
1208). 

[0146] Then, referring to Figure 13, the sensor unit 
waits for the arrival of a light emitting timing signal from 
the adjacent sensor unit on the side of the master unit 
(steps 1301 and 1302-no). 

[0147] If a light emitting timing signal arrives from 
the adjacent sensor unit on the side of the master unit 
under this condition (step 1302-yes), a fight emitting 
process Is executed (step 1303), and a light emitting 
signal Is transmitted to the adjacent sensor unit on the 
side of the master unit (step 1304). Then, It Is deter- 
mined if the updata stored In step 1107 is intended for 
the particular sensor unit or not (step 1305). 
[0148] If the updata is determined to be intended for 
the particular sensor unit (step 1305-yes), the program 
flow advances to the flowchart of Figure 14. The down- 
data is transmitted to the adjacent sensor unit on the 
other side of the master unit (step 1404), and a light 
receiving process is executed again (step 1405) before 
the program flow returns to the flowchart of Figure 1 1 . 
[0149] On the other hand, ft the updata Is deter- 
mined to be not intended for the particular sensor unit in 
the flowchart of Figure 13 (step 1305-no), it is then 
determined if the down data is received from the adja- 
cent sensor unit on the side of the master unit or not 
(step 1401). If downdata is received from the sensor 
unit on the side of the master unit (step 1401 -yes), it is 
then determined if the downdata Is intended for the par- 
ticular sensor unit or not (step 1402). 



[0150] If the downdata is determined to be int nded 
for the particular sensor unit (step 1402-yes), the proc- 
ess corresponding to the downdata command is exe- 
cut d (step 1403), and a Qght receiving process is 

5 executed (step 1405) before the program flow returns to 
the flowchart of Figure 1 1 . Thereby, the downdata trans- 
fer function is achieved by the slave sensor unit 
[0151] On the other hand, ft the downdata is not 
determined to be intended for the particular sensor unit 

w (step 1402-no), downdata corresponding to a response 
to a command from the mobile console Is transmitted to 
the adjacent sensor unit on the other side of the master 
unit (step 1404), and the light emitting process is exe- 
cuted (step 1405) before the program flow returns to the 

is flowchart of Figure 11. 

[0152] If It is determined that no downdata is 
received from the adjacent sensor unit on the side of the 
master unit (step 1401 -no), the light receiving process is 
simply executed (step 1405) before the program flow 

20 returns to the flowchart of Figure 1 1 . 

[0153] Referring to the flowchart shown in Figures 
1 1 to 14, the master sensor unit executes the light emit- 
ting process based on a timer without waiting for the 
arrival of a light emitting timings signal (steps 1103, 

25 1203 and 1303). 

[01 54] In this manner, the sensor unit which may be 
assigned either as a master unit or a slave unit relays 
the updata and downdata If they are not intended for the 
particular sensor unit On the other hand, if the updata 

so and downdata are intended for the particular sensor 
unit, the sensor unit executes the process correspond- 
ing to the command contained in the updata (step 1 206) 
and the process corresponding to the command con- 
tained In the downdata (step 1403), and transmits the 

35 response to such a command to the adjacent sensor 
unit on the other side of the master unit (step 1404). 
[0155] The command that may be contained in the 
downdata command may include a channel allocation 
command which sequentially arrives from the master 

40 unit (SUO) following power-up. When such a channel 
allocation command arrives as downdata, each sensor 
unit executes the process of transmitting a channel 
number (ch N+1 ) which is incremented by one from the 
channel number (ch N) attached to the received com- 

45 mand to the adjacent sensor unit on the other side of the 
master unit in step 1403. Repeating this process at 
each of the sensor units accomplishes the automatic 
channel allocation function based on free allocation. 
[0156] The updata and downdata are received in a 

so prescribed order In the embodiment illustrated In Fig- 
ures 10 to 14, but ft should be understood only as an 
example of implementing the data reception process of 
the present invention, various modifications from the 
illustrated embodiment should be obvious for a person 

55 skilled in the art and such modifications may include 
the process of constantiy waiting for the arrival of data 
either from the adjacent sensor unit on the side of the 
master sensor unit or the adjacent sensor unit on the 
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other side of th mast r sensor unit, and executing 
either the downdata process or updata process depend- 
ing on which of the adjacent sensor units the data has 
come from. 

[0157] Figure 15 is a perspective view showing an 
alternate embodiment of the sensor system according 
to the present invention. 

[0158] Referring to this drawing, the illustrated sen- 
sor system comprises a plurality (16 in the case of the 
illustrated embodiment) of sensor units SUO to SU15 
which are adapted to be arranged ctosefy one next to 
another and assigned with individual addresses, a bus 
unit BU which is adapted to be connected to at least one 
of the sensor units (the left most sensor unit SU 1 5 in the 
illustrated embodiment), a connector unit CU placed 
adjacent to the bus unit BU, and a mobile console MC 
connected to the connector unit CU by an electric cord 
12. 

[0159] The bus unit BU is connected to a field bus 
not shown in the drawing via an electric cord 30. The 
"field bus" as used herein means the field network 
including LAN which is commonly used in the industry 
of factory automation (FA). The typical types of field bus 
Include ASI, DEVICE Net, Profibus and so on. Typically, 
PLCs and FA personal computers are connected to 
such field buses. 

[01 60] The bus unit BU conducts a protocol conver- 
sion between the protocol for the optical communication 
used in the sensor unit array used In the present inven- 
tion and the field bus which is used for FA (such as ASI, 
DEVICE Net and so on). Using such a bus unit BU 
achieves (1 ) the function to forward the control output of 
the sensor units SUO to SU15 to the field bus, (2) the 
function to receive data on the modification of setting of 
each sensor unit forwarded from PLC or the like via the 
field bus, and modifying the setting of the sensor unit 
according to the data, and (3) the function to transmit 
the setting condition and detected concfition to a PLC of 
the like via the field bus. In other words, the bus unit BU 
essentially performs the same functions as the mobile 
console, and the only different may be found in the party 
which changes the setting, a human or a PLC (or a FA 
PC). 

[0161] Figure 16 Illustrates the mode of allocating 
different channels to the master unit, slave units, bus 
unit and mobile console. 

[0162] As shown in the drawing, when the sensor 
units SUO to SU15, bus unit BU and mobile console MC 
are arranged In that order, the sensor unit SUO is 
assigned as a master unit (ch 0), the sensor unit SU1 is 
assigned as a slave unit (ch 1), and the sensor units 
SU2 to SU1 5 (ch 2 to ch 1 5) are assigned as slave units. 
The bus unit BU is assigned with ch 16, and the mobile 
console MC is assigned with ch 63 as a fixed setting. 
The data which Is transmitted from the mobile console 
MC to the master sensor unit SUO Is called as updata, 
and the data which is transmitted from the master sen- 
sor unit SUO to the mobile console MC is called as 



downdata. 

[0163] Figures 17 and 18 show a flowchart of th 
communication process using th bus unit In Figures 
17 and 18, th data transfer process for updata and 

5 downdata is omitted for the ease of understanding. 
[0164] Referring to Figure 17, as the process 
begins, the master sensor unit executes a fight emitting 
process at a regular interval as a timer controlled proc- 
ess (steps 1701 and 1801). Following each fight emit- 
to ting process, control output data fT1 n and Tl^) is 
transmitted to the sensor unit on the other side of the 
master unit (steps 1 702 and 1 802), and a light receiving 
process Is executed (steps 1 703 and 1 803). The control 
output data as used herein comprises switching data 

is obtained by performing a binary conversion on the 
detected light value. The transmitted control output data 
also serves a light emitting timing signal. 
[0165] These processes are repeated at a regular 
interval determined by the light emitting timing timer 

20 (steps 1704 to 1804). 

[0166] Each slave sensor unit constantly waits for 
control output data from the adjacent sensor unit on the 
side of the master unit (steps 1721 and 1821), and exe- 
cutes a light emitting process (steps 1723 and 1823), 

25 transmits control output data to the adjacent sensor unit 
on the other side of the master unit (steps 1724 and 
1824), and executes a light receiving process (steps 
1725 and 1825) every time control data arrives (steps 
1722 and 1822). During the intervals between these 

30 actions, a process of reflecting the current control out- 
put information of the particular sensor unit in the con- 
trol output data Is executed (step 1726). 
[01 67] The bus unit also constantly waits for control 
output data from the sensor units (steps 1741 and 

as 1841), and upon arrival of control output data (steps 
1 742 and 1 842), executes the process of converting the 
control output data into bus data having a prescribed 
protocol (such as ASI BUS, COMPO BUS/S - trade- 
name of OMRON Co., Ltd of Kyoto, Japan, and DEVICE 

40 NET) (steps 1743 and 1843). The obtained bus data is 
forwarded to the field bus to which a programmable 
logic controller or FA PC is connected (step 1 744). 
[0168] As a result of executing the aforementioned 
processes, the output data produced from the sensor 

45 units SUO to SU 15 Is subjected to a protocol conver- 
sion, and is forwarded to the programmable logic con- 
troller or FA PC on the field bus via the electric cord 30. 
[0169] Thus, the use of the bus unit eliminates the 
need for the output cords 5 otherwise extending from 

so the individual sensor units SUO to SU15 (the drawing 
shows the case where the electric cords are not omit- 
ted), and thereby substantially simplifies the wiring 
requirement 

[0170] In other words, although an electric cord 5 
55 extends from each sensor unit SUO to Su 1 5, these elec- 
tric cords 5 can be replaced with the single electric cord 
30. 

[0171] Figure 19 shows a combined time chart 
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showing th mod of data transfer between different 
channels In th sensor system using th bus unit BU. 
[0172] The time chart f Figure 19 shows th chart- 
n I number (ch 0 to ch 1 6) on the rdtnate, and time on 
the abscissa. The region for each channel includes two s 
strips. The upper strip denotes the timing for the basic 
operation of the optical fiber photoelectric sensor such 
as the Tight emitting process (solid black region) and 
light receiving process. The lower strip denotes the tim- 
ing for the data transfer between the adjacent sensor io 
units. 

[0173] As shown in the drawing, the sensor unit on 
each channel repeats a Dght emitting process at the 
interval of about 1 00 us, and each Dght emitting process 
is followed by a fight receiving process (which includes 15 
a binary conversion of the received tight value and the 
forwarding of the data to the external output). The timing 
of the light emitting process Is controlled by the timer of 
the master sensor unit (SUO) on ch 0. In other words, 
the slave sensor units on ch 1 to ch 15 execute a light 20 
emitting process after a time delay of 1 0 us from the tim- 
ing of the master unit on ch 0 or the adjacent slave sen- 
sor unit on the side of the master sensor unit This time 
delay (which is included In the control data T1 or T2) is 
created by the sequential forwarding of the light emitting 25 
timing signal which originally issued from the master 
sensor unit 

[0174] T1 n or T2„ is 9-bit control data which is 
obtained on the n-th light emitting cycle. The output of 
each sensor is represented by a single bit, and T1 n rep- 30 
resents the sensor outputs of ch 0 to ch 7 while T2 n rep- 
resents the sensor outputs of ch 8 to ch 15. The 
remaining single bit is a flag tor distinguishing between 
T1 n and T2„ in each case. 

[0175] During the period for the light receiving proc- 3$ 
ess following each fight emitting process, the master 
and slave sensor units conduct the transmission/recep- 
tion process (T1 and T2) in cooperation with the adja- 
cent sensor units simultaneously. During a remaining 
period of the time period for the light receiving process, 40 
the process on updata (command execution or the like) 
and the process on downdata are conducted alter- 
nately. 

[0176] The data transfer protocol that may be used 
in the present invention is described in the following with 45 
reference to the time chart shown in Figure 53. To sim- 
plify the description, Figure 53 only shows three sensor 
units which are connected to a single mobile console 
MC. The sensor unit SU (ch 0) is the master unit while 
the sensor units SU (ch 1 and 2) are slave units. so 
[0177] As described earlier, a right emitting timing 
signal is cyclically (only the first cycle is illustrated in the 
drawing) forwarded from the master sensor unit SU (ch 
0) to the adjacent slave sensor unit SU (ch 1) at the 
timer interval of T (step 5301 ). ss 
[0178] As the sensor unit SU (ch 1) receives this 
signal (step 5302), a light emitting timing signal is cycli- 
cally (only the first cycle is illustrated in th drawing) for- 



warded from the slave sensor unit SU (ch 1) to th 
adjacent slave sensor unit SU (ch 2) on th other side of 
the master sensor unit with a time delay of 10 us, for 
instance (step 5303). 

[0179] Once the sensor unit SU (ch 2) receives this 
signal (step 5304), a Dght emitting timing signal is cycli- 
cal ry (only the first cycle Is Illustrated in the drawing) for- 
warded from the slave sensor unit SU (ch 2) to the 
adjacent unit on the other side of the master sensor unit 
consisting of the mobile console MC with a time delay of 
10 us, for Instance (step 5305). 

[0180] Once the mobile console MC receives this 
signal (step 5306), after a prescribed waiting time 
period, updata containing various commands is for- 
warded from the mobile console MC to the adjacent unit 
on the side of the master unit consisting of the sensor 
unit SU (ch 2). 

[01 81 ] Once the sensor unit SU (ch 2) receives this 
signal (step 5308), the slave sensor unit SU (ch 2) 
stores it in memory, and upon elapsing of the transmis- 
sion cycle time T, transmits it to the adjacent unit on the 
side of the master unit consisting of the sensor unit SU 
(ch 1) (step 5309). 

[01 82] Once the sensor unit SU (ch 1 ) receives this 
signal (step 5310), the slave sensor unit SU (ch 1) 
stores it in memory, and upon elapsing of the transmis- 
sion cycle time T, executes the commands contained in 
the updata (step 5311). Then, upon arrival of the next 
cycle time T, the downdata Is transmitted to the adjacent 
unit on the other side of the master unit consisting of the 
sensor unit SU (ch 2) (step 5312). 
[01 83] Once the sensor unit SU (ch 2) receives this 
signal (step 5313), the slave sensor unit SU (ch 2) 
stores it in memory, and upon elapsing of the transmis- 
sion cycle time T, transmits the downdata to the mobile 
console MC (step 5314). The mobile console MC 
receives this signal (step 5315), and it means the 
receipt of the objective data by the mobile console MC 
from the sensor unit SU (ch 2). 

[0184] As a result of the preceding procedure, for 
instance, when the mobile console MC forwards a mon- 
itor command as updata to the slave sensor unit SU (ch 
1), the data, reaches the slave sensor unit SU (ch 1) 
through a bucket brigade transfer between the adjacent 
sensor units. Thereafter, the sensor unit SU (ch 1) 
decodes and executes the monitor command, and takes 
out the designated monitor item data which is then 
transmitted to the mobile console MC as downdata. The 
mobile console MC receives and displays the down- 
data, and this completes the monitor function. 
[0185] As can be appreciated from the foregoing 
description, the master sensor unit, slave sensor units, 
bus unit and mobile console operate as summarized in 
the following. Bi-directional data transfer is conducted 
between the various units while the light emitting/receiv- 
ing processes are being executed. The mobile console 
or PLC carries out a data setting process on each sen- 
sor unit, and the operating condition of each s nsor unit 
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Is monitored by the mobile console. Various functions 
which are desired to be given to each sensor unit are 
defined as corresponding commands so that th opera- 
tion of each sensor unit may be Individually and 
remotely controlled by sending a corresponding com- 
mand to the corresponding sensor unit from the mobile 
console (or PLC or FA PC). 

[0186] One of the advantages of the mobile console 
of the present invention is found in the fact that although 
the sensor unit array is typically placed in a narrow and 
poorly accessible space in a control console, a gap in a 
machine or the like, because the mobile console may be 
placed in a highly accessible place remotely from the 
sensor array, the monitoring or other work related with 
the sensor system can be facilitated. 
[0187] This advantage owes to the data collecting 
function of the mobile console based on communica- 
tion, and does not rely on the use of the bucket brigade 
scheme or the common transmission fine (bus) scheme. 
In this regard, the mobile console and sensor system of 
the present invention can be developed in a number of 
different ways as exemplified In the following. 
[0188] As a first development, it Is possible to use a 
(either serial or parallel) bus system fox communication 
or data transmission between the sensor units forming 
the sensor system. In this case, as illustrated in Figures 
44 and 46, it is preferable to use a male and female 
(contact) type electric connector to connect the connec- 
tor unit CU with the sensor unit SU. In Figure 44, 
numeral 8a denotes one half of the male and female 
type electric connector provided on either side of the 
sensor unit SU. In Figure 46, numeral 14a denotes the 
other half of the male and female type electric connector 
provided on one side of the connector unit CU. Obvi- 
ously, a male half of the connector Is provided on one 
side of the sensor unit SU, and the female half of the 
connector is provided on the other side of the sensor 
unit SU. 

[0189] These electric connector halves 8a and 1 4a 
are each provided with a required number of connector 
pins or receptacle pieces corresponding to the number 
of signal lines. All or most of the pins or receptacle 
pieces of the electric connector halves 8a and 14a are 
electrically connected with one another Inside the sen- 
sor unit SU. Therefore, as described In connection with 
Figure 1, when the connector unit CU and an array of 
sensor units SU, SU, ... are mounted closely next to one 
another on the DIN rail 1, two serial buses (UDB for 
updata and DDB for downdata) are formed across the 
senor unit array. 

[0190] Figure 46(a) shows the structure of the serial 
buses UDB and DDB which are formed in this fashion. 
As shown in Figure 46(b), the format of the updata con- 
ducted through the updata bus UDB may consist of a 
start signal, target channel bit and command data. As 
shown in Rgure 46(c), the format of the downdata con- 
ducted through the downdata bus DDB may consist of a 
start signal, target channel bit and data (such as 



ON/OFF and setting values). 

[0191] Each sensor unit SU is incorporated with a 
circuit device for controlling th sensing function and 
data transmission/reception function in association with 
5 the aforementioned bus structure and data structure. An 
exemplary circuit device is schematically Illustrated In 
Figure 47. 

[01 92] As shown in the drawing, the sensor unit SU 
is incorporated with a timing control circuit 31 which is 
10 connected to a control fine CL, a transmission/reception 
circuit 32, a DIP switch 33 for address setting, CPU 34 
and a sensing control circuit 35. 
[0193] The timing control circuit 31 generates vari- 
ous timing signals which are required for the basic oper- 
is ation of the sensor units SU such as light emission 
timing signals and transmission/reception signals 
according to a timing reference signal passed along the 
control fine CL The generated timing signals are used 
for the operation of the CPU 34. 
20 [0194] The transmission/reception circuit 32 is pro- 
vided with the functions to receive updata Intended for 
the particular unit such as commands which are trans- 
mitted onto the updata bus UDB from the mobile con- 
sole MC, and to transmit its own data (ON/OFF, set 
25 values, and so on) to the mobile console MC via the 
downdata bus DDB. More specifically, the transmis- 
sion/reception circuit 32 is formed by a device such as 
UART, and executes the transmission and reception 
process according to the command from the CPU 34. 
so [0195] The DIP switch (DIP SW) 33 is used for set- 
ting up the address of the particular sensor unit SU, 
and, for instance, may consist of 4-bit switch to meet the 
need of a 16-channel sensor unit 
[01 96] The CPU 34 essentially consists of a micro- 
35 processor, and is Incorporated with system program 
memory consisting semiconductor ROM devices and 
work memory consisting of semiconductor RAM 
devices. The CPU 34 generally controls the functions of 
the sensor unit (such as the sensing function, data 
40 transmission/reception function, and command execu- 
tion function). 

[0197] The sensing control circuit 35 provides the 
basic sensing function which is required of the particular 
sensor unit. The contents of the sensing function may 
45 vary depending on whether the sensor unit is a photoe- 
lectric sensor, proximate sensor or ultrasonic sensor. 
When the sensor unit consists of a photoelectric sensor, 
every time a fight emission timing signal generated by 
the timing control circuit 31 arrives, detection light is 
so emitted Into a detection region by driving a light emitting 
diode not shown in the drawing, and the state of the tar- 
get object is detected by receiving the reflected or trans- 
mitted detection fight 

[0198] Figure 48 is a flowchart schematically illus- 
55 trating the sensor unit process executed by the CPU 34. 
As shown in the drawing, as the process begins, by 
checking the state of the transmission/reception circuit 
32 with the CPU 34, it is determined if there is any 
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updata intended for the particular sensor which Is for- 
warded from the mobile console MC (steps 4801 and 
4802). If there is any updata intended for the particular 
unit (step 4802-yes), th updata (reception command) 
is analyzed (step 4803), a corresponding command is 
executed (step 4804), and downdata is generated (step 
4805). The contents of the process that is executed at 
this time may comprise the process of reading data des- 
ignated for monitoring (such as ON/OFF state of the 
particular sensor unit, threshold level and so on), and 
generating downdata. The thus generated downdata is 
forwarded to the transmission/reception circuit 32 which 
forwards the data to the mobile console MC at an appro- 
priate timing (step 2806). 

[0199] Meanwhile, the timing control circuit 31 gen- 
erates and cyclically issues a light emission timing sig- 
nal associated with the particular sensor unit according 
to the reference timing signal passed along the control 
line CL, and this invokes an interruption routine of the 
CPU 34 so that a light emission process (step 4807) 
and a light reception process (step 4808) are executed 
one after the other. This achieves the sensing function 
of the optical fiber photoelectric sensor. 
[0200] Although not shown in the drawing, the 
mobile console MC obtains the necessary data con- 
cerning the sensor unit designated by the operator by 
forwarding a monitor command of a prescribed format 
(Figure 46(b)) to the corresponding sensor unit onto the 
updata bus UDB, and receiving the monitor data of a 
prescribed format (Figure 46(c)) forwarded from the cor- 
responding sensor unit from the downdata bus (DDB). 
The obtained data is displayed on the display unit of the 
mobile console MC. 

[0201 ] As another possible development. It Is possi- 
ble to conduct the communication between the mobile 
console MC and sensor units SU as a wireless commu- 
nication. Figure 49 shows an exemplary mobile console 
MC based on wireless communication. In this example, 
the medium for the wireless communication consists of 
radio wave. As shown in Figure 49, the housing of the 
mobile console MC is provided with an antenna 12a for 
transmitting and receiving radio wave. The housing of 
the mobile console MC accommodates a radio wave 
transmission/reception circuit, and the connector unit 
CU Is likewise provided with a radio wave transmis- 
sion/reception circuit The radio wave transmis- 
sion/reception circuit of the connector unit CU is 
connected to the serial bus extending across the sensor 
unit array via a suitable buffer circuit so that the radio 
communication between the mobile console MC and 
sensor units SU Is enabled. 

[0202] Figure 50 shows another exemplary mobile 
console MC based on wireless communication. In this 
example, the medium for the wireless communication 
consists of infrared Eight As shown in Figure 50, the 
front face of the housing of each sensor unit is provided 
with an infrared fight emitting/receiving window 12c for 
communication. Behind this infrared light emit- 



ting/receiving window 12c are arranged an infrared light 
emitting diode and light receiving element (which are 
not shown in the drawing). Th upper end surface of th 
mobile console MC is also provided with an infrared 

5 Dght emitting/receiving window (hidden from view in th 
drawing) for communication. Also, behind this infrared 
Dght emitting/recerving window are arranged an infrared 
Bght emitting diode and light receiving element (which 
are not shown in the drawing) for the mobile console 

io MC. Thus, by using these infrared light emitting/receiv- 
ing windows, the infrared Dght communication (optical 
communication) between the mobile console MC and 
sensor units SU is enabled as indicated by the dotted 
lines 1 2d in the drawing. 

is [0203] In the case of the communication system 
using Infrared Dght, It is possible to allow the mobile con- 
sole MC to communicate to each of the sensor units SU, 
SU, ... individually. In other words, instead of communi- 
cating with only one of the sensor units in the array and 

20 exchanging data with the remaining sensor units 
through a serial bus communication, the corresponding 
data can be exchanged between each individual sensor 
unit and the mobile console by placing the mobile con- 
sole MC opposite the front face of the particular sensor 

25 unit and conducting an individual communication via the 
infrared figjrt emission/reception window 12c of the sen- 
sor unit 

[0204] Figure 51 shows an example of the sensor 
system adjustment work using the mobile console. As 
so shown in the drawing, even when the control panel 36 
accommodating the sensor system is placed In a nar- 
row and poorly accessible location, because the mobile 
console MC can be moved around by virtue of the use 
of an electric cord or wireless communication, the set- 
as ting and adjustment work for the sensor system can be 
conducted from a favorably accessible location which 
may be remote for the poorly accessible location of the 
sensor system. Also, the setting and adjustment work 
for the sensor system can be conducted while inspect- 
40 ing the positional relationship between each sensor 
head and the corresponding object to be detected which 
are located remotely from the sensor units. Further- 
more, as shown in the enlarged view of Figure 52, the 
housing of the mobile console of the present invention 
45 can be held with one hand and the other hand can be 
used for operating the mobile console MC. This 
improves the convenience and work efficiency of the 
system. 

[0205] Finally, an exemplary application of the sen- 
so sor systems In the field of FA is shown in Figure 27. In 
this example, the sensor unit array (SU, SU, ...) are con- 
nected to both a bus unit (BU) and a mobile console 
(MC). An arbitrary optional unit (OU) may be connected 
between the bus unit (BU) and the mobile console (MC). 
55 The field bus is connected to a programmable controller 
(PLC), FA persona! computer (not shown In the draw- 
ing), and various items of FA equipment such as tem- 
perature controllers and electric motors as well as to the 
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bus unit 

[0206] To form such a system, th bus unit (BU) and < 
optional unit (OU) are each required to have a connec- 
tor means on each side thereof so as to have th func- ! 
tion to relay data. Steps 1745 and 1844 of Figures 17 s I 
and 18 are based on the assumption that the mobile 1 
console MC is placed to the left side of the bus unit BU. 
[0207] According to this example, because a proto- 
col conversion Is performed between the optical com- 
munication protocol and the bus protocol, the sensor 10 
unit array (SU, SU, ..) and the FA equipment such as the 
mobile console MC and PLC can be connected In a 
highly organized manner, and a highly flexible control 
system can be achieved 

[0208] Figure 20 is a flowchart showing the overall is 
process at the mobile console. 

[0209] Referring to the drawing, upon power-up 
(step 2001), the microprocessor is initialized (step 
2002), and the charged state of the battery is deter- 
mined (step 2003). If the battery is determined to be 20 
property charged (step 2003-yes), the peripheral cir- 
cuits are activated (step 2004). Thereafter, the main 
menu selection process (step 2005), channel setting 
process (step 2006), sub menu selection process (step 
2007) and sub menu process (step 2008) are executed 25 
in repetition. 

[0210] If the power switch in pressed during the 
execution of these processes (step 2009), the execution 
of these processes is terminated. 

[0211] The main menu selection process (step so 
2005) Is executed through the manipulation of the key- 
pad 7 provided on the mobile console MC. Likewise, the 
channel setting process (step 2006) and sub menu 
selection process (step 2007) are executed through the 
manipulation of the keypad 7. 35 
[0212] Figure 21 is a flowchart showing the overall 
control flow of the sub menu process. 
[0213] As the process shown in the drawing starts, 
one of a real time setting process (step 2103), off line 
setting process (step 21 04) and setting value copying 40 
process (step 21 05) is executed according to the kind of 
the sub menu process selected in step 2102 as long as 
a prescribed ending process fails to be confirmed (step 
21 01 -no). 

[021 4] Figure 22 is a flowchart showing the control 45 
flow of the real time setting process. 
[0215] As shown in the drawing, as the process 
begins, the setting values (such as the received right 
value data and threshold level data) are read as a part 
of the real time setting process (step 2201 ), and the real so 
time data concerning the setting values is then read at a 
regular interval (step 2202). 

[0216] The read real time data is displayed on the 
display unit 6 of the mobile console (step 2203), and the 
program flow waits for the data entry by the user (step ss 
2204). 

[0217] Under this condition, if any setting value is 
modified or a new setting value is entered (step 2205- 



no), th chang in the s tting valu is writt n into th 
corresponding sensor unit SU according to the input 
(step 2206). 

[0218] Thus, during th real time setting process, 
5 by operating the keypad as required while the data of 
each sensor unit SU is monitored, the setting values of 
each sensor unit can be modified on a real time basis. If 
the channel setting Information designates all of the 
channels, it is possfole to assign the same setting data 
10 to all of the sensor units at the same time by making use 
of the bucket brigade data transfer function (the same 
data is transferred to each of the channels). This is a 
significant improvement in the efficiency of the data set- 
ting work as compared to the conventional arrangement 
is which required each of the sensor units to be set up 
individually. 

[021 9] Figure 23 Is a flowchart showing the control 
flow of the off line setting process. 
[0220] As shown in the drawing, as the process 
20 begins, the off line process is executed as described in 
the following. Tne setting values on each sensor unit SU 
(which are already copied from the sensor unit and) 
stored in the mobile console are read (step 2301), and 
the read set values are displayed on the display unit 6 
25 (step 2302) before the system proceeds to the state 
where the key entry by the user is awaited (step 2303). 
[0221] When there is a key entry by the user under 
this condition, (step 2304-no), the current mode is iden- 
tified (step 2305). 
30 [0222] if the entry does not consist of ■modify" (step 
2305-no), the set values of the console are preserved 
as they are. If the entry Indicates "motffy- (step 2305- 
yes), the action to modify the set values of the console 
Is executed (step 2306). 
35 [0223] Thus, during the off line setting process, the 
modifying the setting values which are copied from each 
sensor unit and already stored in the mobile console are 
enabled as an off line process. When modifying the set- 
ting values from the console, the mobile console MC is 
40 not required to be connected to the sensor units (SU, 
SU, ...). 

[0224] Figure 24 is a flowchart showing the control 
flow of the setting value copying process. 
[0225] As shown In the drawing, once the setting 
45 value copying process Is started, the corresponding 
process is executed depending on whether the operat- 
ing mode is the write mode or read mode (step 2402) 
until an ending process is started (step 2401 -no). 
[0226] More specifically, if the read mode is identi- 
50 tied (step 2402-read), the bank for storage is desig- 
nated (step 2403), and the reading of the setting data 
from the designated channel and the storage of the data 
in the designated bank are executed (step 2404). 
[0227] As shown in Figure 26, the mobile console is 
55 provided with a number of memory banks (storage 
device) for storing the settings of the sensor units. Each 
channel region of each memory bank (1 to 10) stores 
such data as the unit ID, unit version, threshold level, 
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monitor output range, timer setting, and various flags 
and check codes. Th setting data Is read from the des- 
ignated channel in step 2404. and th read data is 
stored In the designated bank fn step 2403. 
[0228] On the other hand, If the result of the mode s 
determination process (step 2402) Indicates the write 
mode (step 2402-write), the bank for reference is desig- 
nated (step 2405), and the data in the bank is written 
into the designated channel (step 2406). 
[0229] In other words, the contents of the bank Into io 
which the data is stored in step 2404 are automatically 
copied to the sensor unit of the designated channel. 
[0230] Therefore, when a plurality of control sys- 
tems having identical contents are ordered to be manu- 
factured, the work efficiency can be significantly is 
improved by making use of this setting value copying 
process because there is no need to indivlduafly set up 
data on sensitivity and threshold levels on an array of 
sensor units for each of the systems. 
[0231] Figure 25 is a flowchart showing the process so 
of the master and stave units for preventing mutual inter- 
ferences. 

[0232] The sensor units SUO to SU15 described 
above are suitable for executing various data transfer 
processes in cooperation with the mobile console and zs 
bus unit, but may also execute a process for preventing 
mutual interferences by themselves without the aid of 
the mobile console and bus unit 
[0233] More specifically, In this case, the master 
unit repeats a light emitting process (steps 2501 and so 
2507) followed by a transmission of a timing signal to 
the adjacent sensor unit on the other side of the master 
unit (step 2502) at a regular interval. The execution of 
these processes is repeated every time the light emit- 
ting timing timer advances a prescribed time period as 
(steps 2504, 2505 and 2506). 

[0234] Each slave sensor unit constantly waits for 
the arrival of a light emitting timing signal from the adja- 
cent sensor unit on the side of the master unit (step 
251 1 ), and executes a light emitting process (step 251 6) 40 
every time a fight emitting timing signal arrives (steps 
2412, 2513 and 2514). Each time, the fight emitting 
process is followed by the transmission of a timing sig- 
nal to the adjacent sensor unit on the other side of the 
master unit (step 2516), and the execution of a fight 45 
emitting process (step 251 7). 

[0235] Because the sensor units SUO to SU15 
according to the present invention are provided with the 
function to transfer data between them by themselves, 
they can be advantageously utilized In such a manner so 
that the mutual interferences due to the overlapping of 
the fight emitting timing between the sensor units can be 
effectively avoided. 

[0236] The sensor units in the above descrfoed 
embodirnents consisted of optical fiber photoelectric ss 
sensors, but the present invention is not limited by such 
an example, and may also use a wide range of sensor 
units such as proximate sensors and ultrasonic sensors 



using separated sensor heads. 

[0237] Now is described a more concrete embodi- 
ment of the sensor system of the present invention 
which is formed by suitably combining sensor units SU, 
a bus unit, a mobile console MC and an optional unit OU 
having a desired function by focusing on the communi- 
cation process which is executed by the system. 

1. Outline 

[0238] The outline of the sensor system given as 
the preferred embodiment of the present invention is 
described In the following in connection with the pur- 
pose of communication, the basic protocol for data com- 
munication, the IDs of the sensor units, the data 
communication between sensor units and the maximum 
number of connected sensor units. 

1.1 Purposes of Communication 

[0239] The sensor system uses the bucket brigade 
type data communication between the sensor units for 
the following purposes. 

[Purpose 1] 

[0240] To avoid interferences between the sensor 
units (SU) so as to shift the timing for sensing light emis- 
sion between adjacent sensor units in a reliable man- 
ner, it is necessary to synchronize the timing of light 
emission between the sensor units, and the data com- 
munication between the sensor units is conducted for 
this purpose. In the following example, it is assumed 
that there are eight sensor units on one side (16 sen- 
sors in all on either side) which are required to be pro- 
tected from mutual interferences. 

[Purpose 2] 

[0241] The data communication between the sen- 
sor units is conducted to allow the sensor units to be 
controlled from outside by forwarding the control data 
from the mobile console MC to each sensor unit, and to 
allow the state of each sensor unit to be monitored by 
returning the data from each sensor unit to the mobile 
console. 

[Purpose 3] 

[0242] The data communication between the sen- 
sor units is conducted to allow the control output data to 
be transferred from each sensor unit to the bus unit 
(BIT). In the example given below, the number of sensor 
units that can be connected is up to 1 & The delay time 
for the communication of the control output to the bus 
unit BU is 2.0 ms at most 
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[Purpos 4] 

[0243] The data communication between th sen- 
sor units Is conducted to allow the control command 
from the optional unit which may consist of any optional 
control unit to be transmitted to each sensor unit, and to 
return data which corresponds to the control command. 

1 .2 Basic Protocol for Data Communication 

[0244] The data communication is conducted as a 
non-synchronous serial communication using the UART 
equipped to the personal computer. Based on this serial 
communication, the fight emission timing control, data 
transfer, handshake and corrtmunicatjon control are 
executed. 

1 .3 ID of Each Sensor Unit 

[0245] The I D (u nique address) for each sensor u nrt 
is automatically allocated at the time of power-up. The 
allocation of the IDs is conducted In such a manner that 
the right most sensor unit is assigned with ch 0, and the 
channel number of the ID of each sensor unit increases 
by one in proportion to the distance from the right most 
sensor unit The time required for allocating the IDs is 
less than 95 ms from the time of power-up, and the com- 
munication mode has moved on from the ID allocation 
mode to the normal mode In less than 1 00 ms from the 
time of power-up. 

1 .4 Data Transfer between the Sensors 

[0246] The data transfer between the sensor units 
is accomplished in the manner of a bucket brigade in 
which the data from the adjacent sensor unit on one 
side is received as serial data, and it is then transmitted, 
either as it is or after being processed, to the adjacent 
sensor unit on the other side. The communication con- 
sists of bi-direction communication which can be con- 
ducted from either direction. Because the elements for 
light communication (fight emitting elements LED and 
light receiving elements PD) are placed adjacent to one 
another, it is not possfcle to conduct data transmission 
and reception at the same time as far as one side of the 
sensor unit is concerned. Therefore, data transmission 
and reception are conducted as a time sharing proce- 
dure. 

1 .5 Maximum Number of Sensor Units That Can Be 
Connected 

[0247] The maximum number of sensor units that 
can be connected in 16. 

2. Hardware 

[0248] The structure of the hardware in connection 



with the communication of the sensor system of th 
present Invention is described In the following. 
[0249] Figure 29 illustrates the simplified diagram of 
the communication hardware. Th sensor unit SU^, 
s SU n and SU rv1 are each Incorporated with a CPU con- 
sisting of a microcomputer equipped with UART or a 
serial communication circuit. The CPU is provided with 
a serial communication port SP and an interruption port 
IP. 

io [0250] The serial port SP comprises a transmission 
port TXO (denoted with symbol b), reception port RXO 
(denoted with symbol a), transmission port TX1 
(denoted with symbol d) and reception port RX1 
(denoted with symbol c). 

is [0251 ] Referring to the centrally located sensor unit 
SU„, its transmission port TXO (denoted with symbol b) 
is connected to a LED (light emitting element) 2901 for 
transmitting data to the left adjacent sensor unit SU^. 
[0252] Likewise, the reception port RXO (denoted 

20 with symbol a) of the sensor unit SU n is connected to a 
PD (light receiving element) 2902 for receiving data 
from the left adjacent sensor unit SU^. 
[0253] Likewise, the transmission port TX1 
(denoted with symbol d) of the sensor unit SU n is con- 

25 nected to a LED (light emitting element) 2903 for trans- 
mitting data to the right adjacent sensor unit SU n . 1 . 
[0254] Likewise, the reception portion RX1 
(denoted with symbol c) of the sensor unit SU n is con- 
nected to a PD (light receiving element) 2904 for recelv- 

ao ing data from the right adjacent sensor unit SU,^ . 

[0255] Likewise, the interruption port IP of the CPU 
is connected to a PD (light receiving element) 2904 for 
receiving data from the right adjacent sensor unit SU I> . 1 . 
Thereby, the interruption of the CPU can be invoked by 

35 a light emitting timing signal from the right adjacent sen- 
sor unitSU^. 

[0256] Although not shown in the drawing, optical 
signal conversion circuits are Interposed between the 
fight emitting and receiving elements 2901 to 2904, and 
40 this creates a certain time delay. This time delay has 
some significance in the evaluation of the hardware. 

3. Connection of Sensor Units 

45 [0257] The connection structure of the sensor units 
in the sensor system of the present embodiment is 
descried in the following in connection with the number 
of connected sensor units, the position for connecting 
the optional unit and the procedure for the address allo- 

50 cation of the sensor units. 

3.1 Maximum Number of Sensor Units That Can Be 
Connected 

55 [0258] Figure 30 shows the state when the maxi- 
mum number of sensor units are connected along with 
the bus unit BU. As shown In the drawing, the maximum 
number is 1 6. 
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3.2 Connecting Positi n of Optional Unit (OU) 

[0259] Figure 31 shows the unit layout when using 
an optionaJ unit As shown in th drawing, th sensor 
unit array (SU, SU, ...) are connected to the right end, s 
and the optional unit OU Is connected to the left end of 
the sensor unit array. Also, when using a bus unit BU, 
the optional unit OU Is connected to the left of the bus 
unit BU. "The mobile console MC is connected to the left 
most position because it Is used tor adjustment pur- to 
pose. 

3.3 Procedure for Address Allocation of Sensor Units 

[0260] Figure 32 is a flowchart showing the initial 75 
control flow irnmediatefy after power-up, Figure 33 is a 
flowchart showing the control flow of the sensor position 
identification process, Figures 34 and 35 are a flowchart 
showing the control flow of the sensor channel setting 
process, and Figure 36 shows the structure of the trans- 20 
mission and reception data. 

[0261] The address allocation procedure essen- 
tially consists of the identification by each sensor of its 
own address making use of a certain learning process 
by communicating with the adjacent sensor units imme- 25 
diately after power-up. 

[0262] This address identification process is con- 
ducted not only by the sensor units SU but also by the 
optional unit OU. According to the present embodiment, 
if the power-up is delayed, and the ID identification fails 30 
to be executed on any particular sensor unit, the initially 
allocated IDs have a higher priority, and the group of 
sensor units which Involved the delay in power-up are 
treated as a separate group of sensor units. The input 
and output data and light emitting timing signals from as 
these sensors are ignored. 

[0263] The data communication at the time of con- 
necting sensor units is not required during the normal 
operation, and Is based on the process of immediate 
transmission (after waiting 1 00 us) and polling reception 40 
without any synchronization. 

[0264] In other words, as shown in Figure 32, as a 
part of the inrtiafizabpn process immediatery following 
power-up, the sensor position identification process 
(step 3201) and the sensor channel setting process as 
(step 3202) are executed in that order to set up the sen- 
sor channels. Then, depending on the kind of each par- 
ticular sensor unit (step 3203), a master unit, 
Intermediate unit and terminal unit (steps 3204, 3207 
and 321 0), following the corresponding process setting so 
process (steps 3205, 3208 and 321 1) is conducted, the 
control flow moves on to the corresponding main proc- 
ess (steps 3206, 3209 and 321 2). 
[0265] As shown hi Figure 33, in the sensor position 
identification process, first of all, it is determined if there 55 
is no signal input to the right IN (from the output end PD 
2904 of the right adjacent sensor unit) for a time period 
of 50 us (step 3301). If there is no signal input (step 



3301 -yes), whil sending out a handshake signal #2 
(HS2)t the right OUT (to th Input end of the LED 2903 
of th right adjacent sensor unft), the control flow awaits 
for a signal input to the left IN (from the utput end of PD 
2902 of the left adjacent sensor unit) (step 3302). 
[0266] Conversely, if it is determined that there was 
a signal input to the right IN (from the output end of PD 
2904 of the right adjacent sensor unit) within a time 
period of 50 us(step 3301 -no), a handshake signal #2 
(HS2) is sent out to the right OUT (to the input end of 
the LED 2903 of the right adjacent sensor unit) after a 
time delay of 50 us (step 3303), and whDe sending out a 
handshake signal #2 (HS2), It is determined if there is 
any signal input to the left IN (from the output end of PD 
2902 of the left adjacent sensor unit) (step 3302). 
[0267] Then, it is determined if there Is no signal 
input to the left IN (from the output end of PD 2902 of 
the left adjacent sensor unit) within a time period of 50 
u>s (step 3304). If there is no signal input to the left IN 
(step 3304-yes), while sending out a handshake signal 
#1 (HS1) to the right OUT (to the input end of the LED 
2901 of the left adjacent sensor unit), the control flow 
awaits for a signal input to the right IN (from the output 
end of PD 2904 of the eight adjacent sensor unit) (step 
3306). 

[0268] If it is determined that there was a signal 
input to the (eft IN (from the output end of PD 2902 of 
the left adjacent sensor unit) within a time period of 50 
us (step 3304-no), a handshake signal #1 (HS1 ) is sent 
out to the left OUT (input end of the LED 2901 to the left 
adjacent sensor unit) after a time delay of 50 us (step 
3305), and while sending out the handshake signal #1 
(HS1). the control flow awaits for a signal Input to the 
right IN (to the output end of PD 2904 of the right adja- 
cent sensor unit) (step 3306). 

[0269] Thereafter, provided that the position is not 
yet set (step 3307-yes) or the position is set and the 
right IN is not the command to start the channel setting, 
the position setting process (step 3309) is executed. 
(0270] In the position setting process (step 3309), 
the particular sensor unit is identified as an intermediate 
sensor unit if the right IN is HS1 and the left IN is HS2, 
and the particular sensor Is identified as a master sen- 
sor unit if there Is no right IN and the left IN is HS1 . The 
particular sensor unit is Identified as an end or terminal 
sensor unit if the right IN is HS1 and there is no left IN. 
The particular sensor unit is identified as a stand-alone 
sensor unit if there is neither right IN nor left IN. For the 
duration of 40 ms, the above described processes are 
repeated (steps 3301 to 3309). 

[0271] In the rneantime, If the right IN is determined 
to be a channel setting start command in step 3308 
(step 3308-yes) or if the 40 ms time period has elapsed 
(step 3310-yes), the sensor channel setting process Is 
started (step 3311). 

[0272] Referring to Figures 34 and 35, In the sensor 
channel setting process, first of all, the master sensor 
unit transmits a channel setting start command (CHset) 
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to the adjacent slave finterrnediate) sensor unit (step 

3401) , and after executing a delay process of 5 ms (step 

3402) , an "address ch 2" command is transmitted to th 
adjacent slave (intermediate) s nsor unit Then, the 
master sensor unit waits tor the arrival of ■address ch 2" 
from the adjacent slave (intermediate) sensor unit as a 
reception response (step 3404). Upon receiving 
"address ch 2" from the adjacent slave (intermediate) 
sensor as a reception response (step 3404-yes), the 
master sensor unit further waits for the arrival of 
•address ch 3", "address ch 4" through "address ch 
end". Once all the addresses are received (step 3501- 
yes), the channel numbers are stored (step 3502), and 
the program flow advances to the normal operation. 
[0273] Meanwhile, each stave (intermediate) sen- 
sor unit waits for the arrival of a channel setting start 
command (CHset) (step 341 1). Once a channel setting 
start command (CHset) is received, it is forwarded to 
the adjacent slave pntermediate or terminal) senor unit 
on the other side of the master sensor unit, and it is 
determined if the channel setting start command 
(CHset) was received normally (step 3412). if the chan- 
nel setting start command (CHset) was received nor- 
mally (step 341 2-yes), the program flow then waits for 
the normal reception of "address ch 2" from the master 
unit (step 3413). Once "address ch 2" is received nor- 
mally (step 3413-yes), following a waiting period of 100 
Us, the particular slave unit sends "address ch 2" to the 
master sensor unit as a reception response (step 3414). 
Then, "address ch 2" is set as its own address, and after 
adding +1 to "address ch 2", the obtained "address ch 
3" is transmitted to the adjacent slave sensor unit on the 
other side of the master sensor unit (step 3415). The 
program flow then waits for the response to the normal 
reception of "address ch 3" from the adjacent slave sen- 
sor unit on the other side of the master sensor unit (step 
351 1). Once "address ch 3" is received normally (step 
351 2-yes), the program flow awaits for the arrival of the 
responses to the normal reception of "address ch 4", 
"address ch 5" through "address ch end". Once all the 
addresses are normally received (step 351 2-yes), they 
are stored (step 3513), and after sending all the 
received channel numbers to the master sensor unit 
(step 3514), the program flow advances to the normal 
operation state of waiting for the light emission process 
by interruption. 

[0274] Each of the intermediate slave sensor units 
interposed between the master unit and the terminal 
unit performs the process of transferring "channel set- 
ting start command (CHset)" to the adjacent slave sen- 
sor unit on the other side of the master sensor unit (step 
341 1), the process of transmitting the "address ch (X) " 
received from the adjacent slave sensor unit on the side 
of the master sensor unit to the adjacent slave sensor 
unit on the side of the master sensor unit as a reception 
response (step 3414), the process of setting the 
•address ch (X) " as Its own address (step 3415), trans- 
mitting the "address ch (X+1 ) "to the adjacent slave sen- 



sor unit on the other side of the master sensor unit by 
Incrementing the "address ch (X) (step 341 5)", th proc- 
ess of receiving the "address ch (X+1) " from the adja- 
cent slave sensor unit on th oth r side of th master 
5 sensor unit as a reception response (step 351 1), and 
the process of receiving the response to the channel 
assignment completion for the "address ch (X+1)", 
•address ch (X+2), "address ch (X+3) ", "address ch 
End" from the adjacent slave sensor unit on the other 
70 side of the master sensor (step 351 2-yes), storing them 
in the particular sensor, and transmitting all of the chan- 
nel addresses to the adjacent slave sensor unit on the 
side of the master sensor (step 351 4). 
[0275] Meanwhile, the terminal sensor unit waits for 
15 the arrival of a "channel setting start command (CHset)" 
from the adjacent slave sensor unit on the side of the 
master sensor (step 3421), and determines if the 
arrived command has been received normally (step 
3422). If the command has been received normally 
20 (step 3422-yes), the terminal sensor unit awaits for the 
reception of the channel number corresponding to its 
own address (step 3423). Once such a channel number 
is normally received (step 3423-yes), after a waiting 
period of 1 00 us, the response to the address reception 
25 is transmitted to the slave unit on the side of the master 
sensor unit (step 3521 ), and the address is assigned as 
its own address (step 3522). Following another waiting 
period of 100 us, all of the channel numbers "ALLch" 
are transmitted to the slave unit on the side of the mas- 
se? ter sensor unit (step 3523). 

[0276] As a result of the master, intermediate and 
terminal sensor units repeating the above described 
actions, each of the units is assigned with a unique 
address. 

35 

4. Outline of Optical Communication Protocol 

[0277] The outline of the optical communication 
protocol of the sensor system of the present embodi- 
ed merit is described In the following in connection with the 
kind of data that is handled by the optical communica- 
tion, the communication specifications of the microcom- 
puter, and the format of the data for communication. 

45 4.1 Kind of Data That Is Handled by Optical Communi- 
cation 

[0278] In the sensor unit of the present embodi- 
ment, the data that is handled by the optical communl- 
so cation includes the control output commands from the 
peripheral equipment (optional unit) such as a mobile 
console, data returning command to the peripheral 
equipment (optional unit), and the return control com- 
mand. 

55 

4.2 Communication Specifications of Microprocessor 
[0279] The UART of the microprocessor for the 
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s Hal data communication function is used for th opti- 
cal communication, and the ports TxDGTRxDO and 
TxD1/RxD1 are used. An Interruption port is used for 
triggering the fight emitting timing. 

4.2.1 Optical Transmission/Reception Format 

[0280] Figure 37 shows an exemplary transmis- 
sion/reception format As shown in Figure 37(a), the 
control data T1 and 72 each include 12 bits including a 
start bit (one bit), character bits (9 bits), a parity bit (one 
bit) and a stop bit (one bit). 

[0281] As shown in Figure 37(b), the updata and 
downdata each include 1 bits including a start bit (one 
bit), character bits (9 bits) and a stop bit (one bit). 

4.2.2 Baud Rate 

[0282] The baud rate is 625 kbps, and transmitting 
12 bits of data requires 19.2 us. 



dictated by the timing of receiving a Cght emission com- 
pletion signal (start bit of T1/T2 signal) from the adja- 
cent sensor unit on the side of the master sensor unit If 
the light transmission by the sensor unit n th side of 
s the master sensor unit is delayed due to external light, 
there wili be a corresponding delay in the T1/T2 signal. 
Such a delay in the action of the sensor units affects the 
operation cycle for communication. 

io 5.1 Timing for Light Emission 

[0287] Each Intermediate slave sensor units In the 
connected sensor unit array emits fight upon detecting 
the rise of the start bit of the T1 fT2 data forwarded from 
15 the sensor unit on the side of the master unit, and for- 
wards the T1/T2 data to the sensor unit on the other 
side of the master unit Immediately before emitting light 
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5.2 Synchronization of Light Emission Timing in Optical 
Communication 



4.3 Data Format for Communication 

[0283] Figure 38 shows the specifications of the 
data for communication. As shown In the drawing, the 25 
data has a length of 9 bits. The first single bit consists of 
an Identification flag. If this bit is - 1 the data is T1 (light 
emission timing) data. If this bit is "0", the data is T2 
(light reception timing) data. 

30 

4.3.1 Specifications of T1/T2 Data 



[0284] Figure 39 shows the contents of control data 
T1/T2. As shown in the drawing, the first eight bits of the 
control data T1 correspond to the control output for 
channels 0 to 7 (the switching output of the photoelec- 
tric sensors in the case of the present embodiment). 
Likewise, the first eight bits of the control data 72 corre- 
spond to the control output for channels 8 to 15 (the 
switching output of the photoelectric sensors In the case 
of the present embodiment). The content of each bit is 
"1 * if the control output is on, and "0" if the control output 
is off. Each sensor unit (SU) constantly transmits the 
state of the control output via the control data T1/T2. 



4.3.2 Specifications of Down DATA and Up DATA 

[0285] Figure 40 shows the structure of Down DATA 
and Up DATA. As shown in the drawing, Down DATA and 
Up DATA essentially consist of 6-byte commands. Six 
bytes form a single packet, and the contents of each 
packet are illustrated in Figure 40. 

5. Optical Communication and Operation Cycles of 
Sensor Units 

[0288] Each sensor unit has a basic operation cycle 
of 100 us. However, more detailed operation cycle is 



[0288] Trie procedure for synchronizing the light 
emission timing in the optical communication is 
described In the following. 

5.2.1 ChO Unit 

[0289] Ch 0 unit emits light at the interval of 100 us 
according to a timer, and transmits the T1/T2 data 
immediately before emitting fight This process is 
repeated. 

5.2.2 Units Other Than Ch 0 Unit 



35 [0290] The T1/T2 signal is transmitted from the sen- 
sor unit on the side of the master unit The start bit of 
this signal is detected from the interruption port, and fol- 
lowing the transmission of the T1/T2 signal, starts a 
light emission. The delay time from the light emission of 

40 the preceding sensor unit is less than 1 0 us. The trans- 
mission of the T1/T2 signal in this case consists of pass- 
ing the T1/T2 signal form the sensor unit on the side of 
the master unit at the time of the previous fight emission 
to the sensor unit on the other side of the master unit 

45 

5.2.3 If Ch END Consists of Sensor Unit 

[0291] The unit essentially performs the same func- 
tions as any one of the sensor units other than the ch 0 
so sensor unit In the case of the ch END sensor unit also, 
the T1/T2 signal is transmitted to the left 

5.2.4 If ID of Sensor Unit is Greater Than 16 

55 [0292] Because the sensor unit cannot put its own 
control output into the T1/T2 signal, the received T1/T2 
data is simply transmitted to the subsequent sensor unit 
as it is. Th sensor unit oth rwise functions like any 



22 



43 



EP1 096 456 A2 



44 



other sensor unit 

5.2.5 Case of Stand-Alone Sensor Unit 

[0293] When using a sensor unit as a stand-along 
sensor unit, basically, as there is no need for any com- 
munication process, it essentially follows the action 
(master action) of the ch 0 sensor unit 

5.3 Transmission and Reception of T1/T2 Data 

5.3.1 Reception Completion Timing for T1/T2 Data 

[0294] The confirmation of the completion flag for 
the reception of T1/T2 data Is performed in t1 $ts from 
the start of light emission. 

5.3.2 Identification of T1/T2 Data 

[0295] The identification of T1/T2 data is performed 
on the upper most bit of the 9-bit data. "1 • means a T1 
signal, and "0" means a T2 signal. 5.3.3 When There is 
No INT Interruption Due to Noises 
[0296] if the IISTT interruption due to the Tight emis- 
sion from the sensor unit on the side of the master unit 
fails to be identified for the period of t2 jxs from the pre- 
vious interruption due to the influences of noises or the 
like, ■S-En* is displayed, and the operation is termi- 
nated. In this case, if desired, a channel re-allocation 
may be automatically conducted. 

5.3.4 Influences of Noises on Interruption Port 

[0297] To reduce the possibility of erroneously con- 
ducting a light transmitting process upon receiving a 
signal from the interruption port due to the influences of 
noises or the like, the fight emission interruption is 
denied during the duration of the light receiving/trans- 
mitting interruption process. Therefore, an interruption 
demand flag is cleared only after an Interruption proc- 
ess is completed. 

5.3.5 Case of T1/T2 Communication (Reception) Error 

[0293] In case of a reception error of T1/T2 data, 
the previously received T1/T2 data is transmitted. 5.4 
Communication Process for Ch 0 and Ch END Units 
From a Side Having No Adjacent Unit 

5.4.1 Process Contents for Ch 0 

[0299] Upon detecting the master sensor unit fol- 
lowing power-up, the 0 ch sensor unit Is not required to 
communicate with the right sensor unit (on the side of 
the master unit). Therefore, upon completion of the 
master unit detection process (upon starting the ID allo- 
cation process), the ch 0 sensor unit does no reception 
process for reception from the right side. 



5,4.2 Process Contents for Ch END 

[0300] Normally, th re is no unit on th left side of 
the ch END unit, but because it is possibi that a mobile 
5 console is connected to the left side, the process of con- 
firming the reception completion flag for the left input 
(SLIN) is constantly executed. 

6. Command Data Transmission for Optical Communl- 
w cation 

[0301] Each sensor unit essentially responds to a 
command in a passive manner. Therefore, as long as 
there is no command issuing from the mobile console, 
15 bus unit or optional unit, there will be no process of exe- 
cuting or transmitting command data. Only when a com- 
mand is received from any one of them, the sensor unit 
transmits return data. 

20 6.1 Mobile Console Data 

[0302] The data transmitted in the data communica- 
tion contains 6 -byte commands. 

25 6.1 .1 Detection of U-Data/D-Data in Each Sensor Unit 

[0303] It is necessary to detect the presence of Up 
Data and Down Data in each operation cycle. The 
reception completion flag for U-Oata and D-Data Is 
30 according to the following timing, and a corresponding 
process is executed once a reception completion is 
determined. Up Data is determined in t1 us following the 
rise of a light emission pulse. Down Data is determined 
in t2 us following the rise of a light emission pulse. 

35 

6.1 .2 6-Byte Commands 

[0304] Figure 41 shows the control flow of a 6-byte 
command. As shown in the drawing, a 6-byte command 
ao is intended for setting up each sensor unit. The struc- 
ture of this command type is described In 5.3.2. The 
data is transferred by simultaneously transferring the six 
bytes. 

[0305] More specfficaJfy, as shown In Rgure 41, 
45 when a 6-byte command is transmitted, the SUM Check 
data attached to the command conducts a sum check, 
and if no problem exists, data is transmitted to the sub- 
sequent sensor unit When an error is detected, all the 
processes concerning the communication data are 
so cleared, and the normal process is resumed. There will 
be no processes such as a resend request 

6.1.2.1 Exemplary Data Communication Process 

55 [0306] The basic concept of a data communication 
process is illustrated in Figure 42. As shown in the draw- 
ing, during the time a command is transmitted from the 
mobile console to the ch 5 unit, the data is transmitted 
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from the mobile console to the ch 5 sensor unft via the 
slave sensor units In the mann r f a bucket brigade. 
The particular sensor conducts a process correspond- 
ing to the command, and returns th data Because th 
target address is transmitted first, the command would 
not be transmitted to the sensor which is further toward 
the master sensor unit than the target address. The 
data Is subjected to an error check at each sensor unit, 
and a high level of data reliability Is accomplished, 
thereafter, a process corresponding to the command is 
executed, and a reply to the command is transmitted 
(the process time varies depending on the command). 

6.2 Relation to Mobile Console 

[0307] The mobile console publishes UP-DATA by 
using the ch 0 T1/T2 signal as a trigger. The sensor unit 
starts a communication process with the mobile console 
following the determination of a serial transmission 
completion flag of UP-DATA. Finally, Figure 43 is a 
detailed timing chart for the communication process. 
[0306] As can be appreciated from the foregoing 
description, the present invention simplifies the work 
involved in the setting and adjustment of the sensor 
units which form a sensor system of this kind, and the 
convenience of the sensor system can be Improved. 
[0309] Although the present invention has been 
described in terms of preferred embodiments thereof, It 
Is obvious to a person skilled in the art that various alter- 
ations and modifications are possible without departing 
from the scope of the present invention which is set 
forth in the appended claims. 

Claims 

<JT\ A sensor system, comprising a plurality of sensor 
Vy units (SU) which are adapted to be placed closely 
one next to another and each assigned with an Indi- 
vidual address, and a mobile console (MC) which Is 
adapted to be connected to at least one of the sen- 
sor units, each of the sensor units comprising: 

connector means (8, 9) provided on each side 
for allowing communication with a correspond- 
ing one of the adjacent sensor units; and 
data relaying means (100) for relaying data 
received from one of the adjacent sensor units 
via one of the connector means to the other 
adjacent sensor unit via the other connector 
means so as to permit a bi-directional data 
communication from the mobile console to the 
sensor units or from the sensor units to the 
mobile console in the manner of a bucket bri- 
gade. 

2. A sensor system according to claim 1, wherein 
each sensor unit comprises monitoring data trans- 
mission means for transmitting monitoring data 



intended for the mobile cons let n of th adja- 
cent sensor units, and the mobile consol com- 
prises monitoring data display means for receiving 
monitoring data transmitted from on of the sens r 
5 units and displaying the received monitoring data 
so as to permit a state of the sensor unit to be mon- 
itored from the mobile console. 

3. A sensor system according to claim 1 , wherein the 
io mobile console comprises setting data transmis- 
sion means for transmitting setting data Intended 
for each designated one of the sensor units to one 
of the sensor units, and each sensor unit comprises 
data setting means for executing a setting operation 

15 according to the setting data received from one of 
the adjacent sensor units if the received setting 
data is Intended for the particular sensor unit so as 
to permit the setting operation at the sensor unit to 
be executed from the mobile console. 

20 

4. A sensor system according to claim 1 , wherein the 
mobile console comprises command data transmis- 
sion means for transmitting command data 
intended for each designated one of the sensor 

25 units to one of the sensor units, and each sensor 
unit comprises command executing means for exe- 
cuting an action associated with the command if the 
received command data is intended for the particu- 
lar sensor unit and contains a command thereby 

so allowing the action of the sensor to be executed 
according to a command from the mobile console. 

5. A sensor system according to claim 4, wherein the 
command comprises a monitor command, and the 

35 action comprises an action to read data on an mon- 
itoring item designated by the monitor command, 
and to return the read data to the mobile console as 
monitoring data. 

40 6. A sensor system according to claim 4, wherein the 
command comprises a data setting command, and 
the action comprises an action to write data 
attached to the data setting command to a desig- 
nated setting item of the sensor unit 

45 

7. A sensor system according to claim 4, wherein the 
command comprises a disable command, and the 
action comprises an action to disable a manipula- 
tion of the sensor unit for a designated function. 

50 

a. A sensor system according to claim 4, wherein the 
command comprises a concealed function execut- 
ing command which allows a concealed function to 
be executed, the concealed function being unable 
55 to be Invoked by a key operation from the sensor 
unit 

a sensor system, comprising a plurality of sensor 
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units (SU) which are adapted to be placed closely 
one next t another and each assigned with an Indi- 
vidual address, and a bus unit (BU) which b 
adapted to be connected to at least one of th sen- 
sor units, each of the sensor units comprising: s 



A sensor system according to claim 1 1, wherein th 
command comprises a data setting command, and 
the action comprises an acti n to write data 
attached to the data setting command to a desig- 
nated setting item of the sensor unit 



connector means (8, 9) provided on each side 
for allowing communication with a correspond- 
ing one of the aojacent sensor units; and 
data relaying means (100) for transferring data 
received from one of the adjacent sensor units 
via one of the connector means to the other 
adjacent sensor unit via the other connector 
means; 

the bus unit comprising protocol conversion 
means for converting a communication proto- 
col between sensor unit communication sys- 
tem and field bus communication system which 
is connected to equipment such as a program- 
mable controller and personal computer, so as 
to permit a bi-directional data communication 
between the equipment such as a programma- 
ble controller and personal computer on a field 
bus and the sensor unit in the manner of a 
bucket brigade. 

10. A sensor system according to daim 9, wherein 
each sensor unit comprises command executing 
means which, if the data received the adjacent sen- 
sor unit is intended for the particular sensor unit 
and contains a command, executes a certain action 
corresponding to the command, thereby allowing 
the action of the sensor unit to be executed accord- 
ing to a command from equipment on the field bus. 

^II^A sensor unit, comprising: 

a pair of connector means (8, 9) each for allow- 
ing communication with a corresponding one of 
adjacent sensor units; 

data relaying means (100) for relaying data 
received from one of the adjacent sensor units 
via one of the connector means to the other 
adjacent sensor unit via the other connector 
means; and 

command executing means (100) which, if the 
data received the adjacent sensor unit via one 
of the connector means Is intended for the par- 
ticular sensor unit and contains a command, 
executes a certain action corresponding to the 
command. 

12. A sensor system according to daim 1 1 , wherein the 
command comprises a monitor command, and the 
action comprises an action to read data on an mon- 
itoring item designated by the monitor command, 
and to return the read data to the source of the 
command as monitoring data. 



14. A sensor system according to daim 1 1, wherein the 
command comprises a disable command, and the 
action comprises an action to disable a manipula- 
te tion of the sensor unit for a designated function. 

15. A sensor unit according to daim 11, wherein the 
command comprises a concealed function execut- 
ing command, and the action comprises an action 

is to allow a concealed function to be executed, the 
concealed function being unable to be invoked by a 
key operation from the sensor unit 
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6.\\A mobile console (MC) adapted to be connected to 
one of a plurality of sensor units (SU) each adapted 
for a bi-directional communication with adjacent 
sensor units and a data relaying function, compris- 
ing: 

command means (7) for entering various com- 
mands; 

display means (6) for displaying various items 
of data; 

monitor command transmitting means (600, 
603) for transmitting a monitor command to a 
designated sensor unit in response to a com- 
mand entered from the command means; and 
monitoring data display means (604) for dis- 
playing on the display means monitoring data 
that is returned from the designated sensor unit 
in response to the transmission of the monitor 
command. 



A mobile console (MC) adapted to be connected to 
one of a plurality of sensor units (SU) each adapted 
for a bi-directional communication with adjacent 
sensor units and a data relaying function, compris- 
ing: 

command means (7) for entering various com- 
mands; 

display means (6) for displaying various items 
of data; and 

setting command transmission means (600, 
603) for transmitting a setting command to a 
designated sensor unit in response to a com- 
mand from the command means. 



18. tA mobile console (MC) adapted to be connected to 
55 ^one of a plurality of sensor units (SU) each adapted 
for a bi-directional communication with adjacent 
sensor units and a data relaying function, compris- 
ing: 
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command means (7) for entering various com- 
mands; 

display means (6) for displaying various items 
of data; and 

disable command transmission means (600, 
603) for transmitting a disable command to a 
designated sensor unit in response to a com- 
mand from the command means. 

QjlV mobile console (MC) adapted to be connected to 
^-^one of a plurality of sensor units (SU) each adapted 
for a bi-directional communication with adjacent 
sensor units and a data relaying function, compris- 
ing: 

command means (7) for entering various com- 
mands; 

display means (6) for displaying various items 
of data; and 

concealed function executing command trans- 
mitting means (600, 603) for transmitting a con- 
cealed function executing command to a 
designated sensor unit, the concealed function 
being unable to be Invoked by a key operation 
from the sensor unit 

<^2(L)A sensor system, comprising a plurality of sensor 
units (SU) which are adapted to be placed closely 
one next to another and each assigned with an indi- 
vidual address, each of the sensor units compris- 
ing: 

connector means (8, 9) provided on each side 
for allowing communication with a correspond- 
ing one of the adjacent sensor units; and 
data relaying means (100) for relaying data 
received from one of the adjacent sensor units 
via one of the connector means to the other 
adjacent sensor unit via the other connector 
means so as to permit a bi-directional data 
communication between the sensor units in the 
manner of a bucket brigade. 



<^2l) A bus unit (BU) adapted to be connected to one of 
a plurality of sensor units (SU) each adapted for a 
bi-directional communication with adjacent sensor 
units and a data relaying function, comprising: 

protocol conversion means for converting a 
communication protocol between sensor unit 
communication system and field bus communi- 
cation system which is connected to equipment 
such as a programmable controller and per- 
sonal computer, so as to permit a bi-drectional 
data communication between the equipment 
such as a programmable controller and per- 
sonal computer on a field bus and the sensor 
unit 
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22. A sensor system according to any on of claims 1 
to 10 or claim 20, wh rein th sensor units com- 
prise a photoelectric sensor unit 

23. A sensor unit according to any one of claims 1 1 to 
15, wherein the sensor units comprise a photoelec- 
tric sensor unit 

24* A mobile console according to any one of claims 1 6 
to 1 9, wherein the sensor units comprise a photoe- 
lectric sensor unit 

25- A sensor system according to any one of claims 1 
to 1 0 or claim 20, wherein the connector means 
comprises a light emitting element and a light 
receiving element 

26. A sensor unit according to any one of claims 11 to 
15, wherein the connector means comprises a light 
emitting element and a light receiving element 



(2MA mobile console (MC) which is provided commonly 
^-"ror a number of sensor units arranged one next to 
another and each provided with a communication 
25 function, comprising: 

command means (7); 
display means (6); and 

control means (600) for taking out data on each 
so designated sensor unit from the sensor unit by 

communication according to a command 
entered from the command means, and dis- 
playing the data on the display means. 

35 28. A mobile console according to dalm 27, wherein 
the communication with the sensor units is con- 
ducted via a single sensor unit or a common trans- 
mission line. 

40 29. A mobile console according to claim 28, wherein 
the single sensor unit or common transmission line 
communicates via wire transmission using an elec- 
tric cord, or wireless transmission using infrared 
light, radio wave and ultrasonic radiation so as to 
45 allow the data of the sensor units to be monitored 
remotely. 

3a A mobile console according to any one of claims 27 
to 29, wherein the data of the sensor units com- 
so prises a detected analog value or a threshold level 
for a binary conversion of a detected analog value. 

31. A mobile console according to any one of claims 27 
to 30, further comprising a housing provided with a 
ss keypad serving as the command means and a dis- 
play unit serving as the display means, the housing 
being so dimensioned and configured as to allow 
the keypad to be manipulated with one hand while 
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